SPECIFY THE AMERCOAT METHOD— 


Designed Give You PLUS 


Ordinary methods for controlling corrosion usually pro- 
duce the ordinary results—rapid paint failure, costly replace- 
ments, product contamination, excess down-time, and ham- 
pered production. Halfway measures and the use one 
two general purpose coatings simply cannot provide adequate 
protection against corrosion’s ceaseless attack. 


Amercoat gives you proven method corrosion control, 
assuring you proper protection through these PLUS features: 


Careful analysis trained engineer all the con- 
ditions present each corrosion 


The ONE best recommendation for the particular 
AMERCOAT complete line coatings, each 
formulated solve control corrosion problems. 


On-the-job assistance your applicators and super- 
visors trained engineer. The AMERCOAT method en- 
sures proper attention surface preparation and applica- 
tion techniques for maximum protection. 


Complete stocks fresh materials always near you 
one five regional warehouses more 


than franchised distributor warehouses throughout 
United States. 


Service based experience. The AMERCOM 
method corrosion control the result nearly 
experience solving controlling corrosion 
every major industry throughout the United States. 


Write today for the name and address the 
representative your area. obligation, will 
help you analyze your corrosion problems and evaluate 
present control measures. determined that you hit 
problem within our scope experience, 
complete program AMERCOAT’s PLUS protection 


your plant equipment. 
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SUPPORT INSULATORS 


Provide low-cost, dependable protection for 
right-of-way crossings Simple install with 
common wrench Impervious pipe coat- 
ings Support blocks center pipe casing, 
spacer blocks provide clearance through casing 
Available for all combinations pipe and 
casing diameters. 


CASING BUSHINGS 


Provide water-tight seal even under the worst 


conditions out-of-round casing ... Unaffected 


dirt, moisture backfill during after 
installation (no dope, adhesive shield 
from casing provides economical cathodic 
protection. 


installed with Write for Bulletin 249-A 


common hand tools. 
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MAGNESIUM ANODES FOR EVERY 
PURPOSE OFFERED DOW 


large variety shapes and sizes are available 


meet your specific corrosion requirements 


Whether the installations you want protect are 
underground underwater, Dow can provide magne- 
sium ranging from Galvo-Line® 
anodes, meet cathodic protection requirements. 

Dow has established cast magnesium anode system 
based uniform cross-section anodes. This pro- 
vides standardized shapes and sizes for your ease 


ordering, installation, and inventory economy. 


addition standard anodes with the new perforated 


you can depend DOW MAGNESIUM ANODES 


core for underground use, cast anodes three different 


cross sections and lengths from inches 


either longitudinal cross-pipe cores are available 


Dow’s extensive cathodic experience the marine 
hot water tank, pipeline, lead cable process 
and other fields can great value you. 
nearest Dow sales office Dow magnesium 
distributor will glad provide all the details. 


DOW CHEMICAL COMPANY, Midland, Michigan. 


| 


THIS 
fib 
hot 
fiber 


late sep 


Ivy 


EDI 


Harv 


1061 


BP scription: ‘ 
Bes $7.50, of 
CORROSION 


4 
2 
| 
Norma 
q 


arine, 

Yout 
ano 


THE 


§ 


scription: 


MONTH’S COVER—Paper made from 
lass fibers now being made for filtration 
hot cold corrosive gases 
Fiberglas Corp., Toledo, sells 
the fiber wool form paper companies who 
the fiber and make finished paper. The 
apers are finding use also specialty elec- 
ical laminates, gasketing material and 
separators special batteries. Other in- 
uses are developing rapidly. 
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Directory NACE Regional and Sectional Officers 


NORTH EAST REGION 


L. B. DONOVAN, Director 
Consolidated Edison Co. 
of New York, inc. 

4 Irving Place 
New York City. 


GEORGE BEST, Chairman 
Mutual Chem. Co, of America 
1348 Block St. 

Baltimore 31, Md. 


KEMPTON ROLL, Vice-Chair. 
Lead Industries Assoc, 
420 Lexington Ave. 
New York 17, N. Y. 


BRIGGS, Sec.-Treas. 
W. A. Briggs Bitumen Co. 
3303 Richmond St. 
Philadelphia 34, Pa. 


Section 


VON LOSSBERG, Chairman 
Sheppard T. Powell Consulting 
Chemical Engineers 
330 North Charles Street 
Baltimore, Maryland 


ALLEN ALEXANDER, Vice-Chair. 
1710 Oakcrest Drive 
Alexandria, Virginia 


RISQUE BENEDICT, Sec.-Treas. 
Naval Research Laboratory 
Washington 25, D. C. 


Greater Boston Section 


JOHN SWIFT, Chairman 
A. D. Little, Inc., 
30 Memorial Drive 
Cambridge, Mass. 


A. ORMAN FISHER, Vice-Chair. 
Monsanto Chemical Co. 
Everett Station 
Boston, Mass. 


J. DWIGHT BIRD, Sec.-Treas. 
The Dampney Co. 


1243 River, Hyde Park 
Boston, Mass. 


Kanawha Valley Section 


A. C. HAMSTEAD, Chairman 


Carbide and Carbon Chemical Co. 


South Charleston, Va. 


R. |. ZIMMERER, Vice-Chair. 
Westvaco Chemical Div., 


Food Machinery & Chemical Corp. 


Drawer 8127, South Charleston, 
Va. 


CONRAD WIEGERS, Secretary 
Allied Services Inc. 
Spring & Bullitt Sts. 
Station A, Charleston, W. Va. 


CURLEY, Treasurer 
Hope Natural Gas Co., Box 1951 
Clarksburg, W. Va. 


Metropolitan New 
York Section 


GEORGE HULL, JR., Chair. 
Anglo-American Varnish Co. 
55 Johnson St. 

Newark 5, N, J. 


MORTON BERMANN, Vice-Chair. 
Brooklyn Union Gas Co. 
197 St. James Place 
Brooklyn, New York 


F. J. LeFEBVRE, Sec.-Treas. 
Corp. 


Newark 


j SOUTH 


vom NORTH 
! 


mexico i 


Philadelphia Section 


BRINK, Chairman 
American Viscose Corp. 
Marcus Hook, Pa. 


BENNETT, Vice-Chair. 
Socony-Vacuum Oil Co., Inc. 
Paulsboro, N. J. 


PETTIBONE, 
Am. Soc, Testing Mat. 
1916 Race St. 
Philadelphia 3, Pa. 


Pittsburgh Section 


FRANK E. COSTANZO, Chairman 
The Manufacturers Light & 
Heat Co. 

2202 Vodeli Street 
Pittsburgh 16, Pa, 


WAYNE W. BINGER, Vice-Chair. 
Aluminum Company of America 
Box 772 
New Kensington, Pa. 


THOMAS ROYSTON, Secretary 
Royston Laboratories, Inc. 
128 First Street 
Blawnox, Pa. 


WILLIAM RENSHAW, Treas. 
Allegheny Steel Corp. 
Brackenridge, Pa, 


Southern New England 
Section 


F. R, MEYER, Chairman 
Sou, New England Tel. Co. 
New Haven, Conn. 


TRACY, Vice-Chair. 
American Brass Company 
Waterbury, Conn. 


GERALD R. BROPHY, Sec.-Treas. 
international Nickel Co., Inc. 
75 Pearl St. 

Hartford, Conn. 


SOUTH CENTRA 
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Western New York 
Section 


JAMES SHIELDS, Chairman 
820 College Ave. 
Niagara Falls, 


J. E. THORNBERG, Vice-Chairman 
Hooker Electrochemical Co. 
Box 344 
Niagara Falls, 


WILLIAM R, WARDROP, Sec.-Treas. 
Metal-Cladding, Inc. 
128 Lakeview Ave. 
Buffalo, N. Y. 


NORTH CENTRAL REGION 


WALTER R. CAVANAGH, Director 
Parker Rust Proof Company 
2177 E. Milwaukee St. 

Detroit, Michigan 


JACK LoPRETE, Chair. 
Spray-Coat Engineers 
775 Bayside 
Detroit 25, Mich. 


NORMAN KERSTEIN, Vice-Chair. 
16817 Robson 
Detroit, Michigan 


JAMES HIRSHFELD, Sec.-Treas. 
Hinchman Corp. 
1208 Francis Palms 
Detroit 1, Mich. 


Chicago Section 


L. W. EWING, Chairman 
Standard Oil Co. of Indiana 
910 S. Michigan Ave, 
Chicago, IIlinois 


LINDBERG, Vice-Chair. 
Sinclair Research Laboratories, 


Inc, 
400 E. Sibley Bivd. 
Harvey, Illinois 


L. W. PETERSEN, Secretary 
Swift Company 
U. S. Yards 
Chicago, Illinois 


R, W. FLOURNOY, Treasurer 
Corn Products Refining Co. 
Chemical Division 
3216 Prairie Ave. 
Brookfield, Illinois 


Cleveland Section 


C. N. DETRICK, Chairman 
Allis-Chalmers Company 
NBC Building 
Cleveland, Chio 


BAKER, Vice-Chair. 
Standard Oil Ohio 
606 Standard Bidg. 
Cleveland 13, Ohio 


H, W. HOSFORD, JR., Sec.-Treas, 
Harco Corp. 
Box 7026 
Cleveland 28, Ohio 


Detroit Section 


JAMES F. HIRSHFELD, Chairman 
The Hinchman Corporation 
1208 Francis Faims Bldg. 
Detroit 1, Michigan 


EUGENE IVANSO, Vice-Chair, 
Detroit Testing Labs. Inc. 
1044 Eastlawn Ave, 

Detroit, Michigan 


DAVID L. HILL, Secretary 
Timken Detroit Axle Co, 
100-400 Clark Ave. 
Detroit, Michigan 


PROCTOR COATES, Treasurer 
Michigan Bell Telephone Co. 
312 Potawatomi Blvd. 

Royal Oak, Michigan 


Eastern Wisconsin 
Section 


ROBERT E. WICEN, Chair. 
Chain Belt Co, of Milwaukee 
1600 West Bruce St. 
Milwaukee Wis. 


ROBERT HUSEBY, Vice-Chair. 
A. O. Smith Corp. 
3533 North 27th St. 
Milwaukee, Wis. 


HAROLD HAASE, Sec.-Treas. 
2917 West Juneau Ave. 
Milwaukee Wis. 


Greater St. Louis Section 


CAMDEN COBERLY, Chairman 
316 Oak Manor Lane 
Webster Groves 19, Mo. 


WILLIAM RIES, Vice-Chair. 
Tretolite Company 
St. Louis 19, Mo, 


ROBERT SANFORD, Secretary 
Nooter Corporation 
1400 South Second St. 
St. Louis 4, Mo. 


DONALD H. BECKER, Treasurer 
Reilly Tar Chemical Corp. 
P. O. Box 370 
Granite City, IIlinois 


Kansas City Section 


— 


L. F. HEVERLY, Chairman 
Great Lakes Pipeline Co. 
5425 Chadwick Rd. 3 
Kansas City, Mo. 


R. A, KELLEY, Vice-Chairman 
Minnesota Mining & Mfg. Co. 
4224 West 73rd Terrace | 
Prairie Village, Kans. 4 


BERRINGER, Sec.-Treas. 
Panhandle Eastern Pipe Line Co. 
1221 Baltimore Ave. 
Kansas City, Mo. 
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Directory 


Southwestern Ohio 
Section 


ARTHUR D. CASTER, Chairman 
38 Arcadia Place 
Cincinnati, Ohio 


LUCE, Vice-Chair, 
The Duriron Co., Inc. 
Box 
Dayton, Ohio 


LEWIS LEDERER, Sec. 
Inner-Tank Lining Corp. 
1097 Wade St. 
Cincinnati, Ohio 


R. L, WOOD, Treasurer 
323 Plum St. 
Cincinnati, Ohio 


SOUTH EAST REGION 


E. D. McCAULEY. Director 
American Cast Iron Pipe Co. 
Box 2603 
Birmingham, Alabama 


JOHN B. WEST, Chairman 
Aluminum Co. of America 
1800 Rhodes-Haverty Bidg. 
Atlantc, Ga. 


VAN NOUHUYS, Vice-Chair. 
Pipe Line Co, 
Box 1737 
Atlantc, Georgia 


DAVID 4. CHADWICK, Sec.-Treas. 
Res. Dept, Phosphate Div. 
Monsanto Chemical Co. 

Anniston, Ala, 


Atlanta Section 


J. FLYNN JOHNSTON, Chair. 
American Tel. & Tel. Co 
1139 Hurt Bldg. 

Atlanta, Ga. 


RAYMOND F. TRAPP, Vice-Chair. 
3431 Sherman Road 
Hapeville, Ga. 

ALEX M. ERGANIAN, Sec.-Treas. 
Pipe Line Service Corp. 
1734 Candler Bidg. 
Atlanta, Ga. 


Jacksonville (Fla.) 
Section 


HENRY T. RUDOLF, Chairman 
Atlantic Coatings Co., Inc. 
P.O. Box 2976 
Jacksonville 3, Fla. 


ALEXANDER, Sec.-Treas. 
Dozier Gay Paint Co. 
P.O. Box 3176, Station F 
Jacksonville, Fia. 


SOUTH CENTRAL REGION 


DERK HOLSTEYN, Director 
Shell Oil Company 
Box 2527 
Houston, Texas 


H. E. WALDRIP, Chairman 
Gulf Oil Corp. 
5311 Kirby Drive 
Houston, Texas 


BILHARTZ, Vice-Chairman 
Atlantic Company 
Box 281 
Dallas, 


CLIFFORD L. BARR, Sec.-Treas. 
Shell Oil Company, 
Richards Building 
New Orleans, La. 


JOHN E. LOEFFLER, 
Asst. Sec.-Treas, 
Thornhi Craver Co. 
Box | 18 
Texas 


NACE Regional and Sectional Officers 


Central Oklahoma Section 


DAN H. CARPENTER, Chairman 
Sohio Petroleum Co. 
1300 Skirvin Tower 
Oklahoma City, Okla. 


MARTIN STEFFENS, Vice-Chair. 


Oklahoma Natural Gas Co. 
Box 1620 
Okiahoma City, Okla. 


BRUCE D. OWEN, Sec.-Treas. 
Southwestern Bell Tel. Co. 
405 N. Broadway 
Oklahoma City, 


Corpus Christi Section 


WARD, Chairman 
Magnolia Fetroleum Co. 
Refining Dept. 

Box 1179 
Corpus Christi, Tex. 


JOHN WESTERVELT, Vice-Chair. 


Pontiac Pipe Line & Export Co. 
Box 1581 
Corpus Christi, Tex. 


RAYMOND PFREHM, 


Humble Pipe Line Co. 
Box 1051 
Corpus Christi, Tex. 


Houston Section 


SHARPE, Chairman 
Humble Pipe Line Co. 
Drawer 2220 
Texas 


& CALDWELL, Vice- 
Hamble Oil and Ref. 
Box 2180 
Houston, Texas 


BOOTH, 
Seas 
Houston, Texas 


New Orleans-Baton 
Rouge Section 


JACK MARTIN, Chairman 
The Texas Company 
Production Dept. 

P.O. Box 252 
New Orleans, La. 


FRANK S. BIRD, Vice-Chair. 
The California Co. 
800 The California Co, 
1111 Tulane Ave. 
New Orleans, La. 


RUSSELL W. SCHUTT, Sec.-Treas. 
Shell Oil Company 
Box 193 
New Orleans, La. 


North Texas Section 


SPALDING, JR., Chair. 
Sun Oil Company 
Box 2880 
Dallas, Texas 


MORRIS BOCK, Vice-Chair. 
Sun Oil Company 
1405 North Zangs Blvd. 
Dallas, Texas 


MARYANN DUGGAN, 
Magnolia Petroleum Co. 
Box 900 
Dallas, Texas 


Permian Basin Section 


THOMAS M. NEWELL, Chairman 
Cardinal Chemical, Inc. 
Box 2049 
Odessa, Texas 


KEMPER, Ist Vice-Chair. 
Permian Enterprises, Inc. 
1010 Washington 
Odessa, Texas 


WILLIAM HOPWOOD, 
2nd Vice-Chair. 
Tnemec Co., Inc. 

2703 S. Colonial Drive 
Odessa, Texas 


JOHN A. KNOX, Sec.-Treas. 
The Western Co. 
Box 310 
Midland, Texas 


Sabine-Neches Section 


CHARLES RIDENOUR, Chairman 
Magnolia Petroleum Co. 
Box 3311 
Beaumont, Texas 


CRAWFORD E, CHAISSON, 
Vice-Chair. 
Cities Service Refining Corp. 
Rt. 1, Box 323 D 
West Lake, Louisiana 


CHARLES HUDDLESTON, JR., 
Sec.-Treas, 
Socony Paint Products Co. 
Box 2848 
Beaumont, Texas 


Shreveport Section 


M, J. OLIVE, Chairman 
Arkansas Natural Gas Corp. 
Shreveport 4, La. 


W. F, LEVERT, Vice-Chairman 
United Gas Pipe Line Co. 
Box 1407 
Shreveport, La. 


R. C. JORDAN, Secretary 
United Gas Pipe Line Co. 
Box 1407 
Shreveport, La. 


O. GRIFFIN, Treasurer 

Texas Eastern Gas Trans. Corp. 
Texas Eastern Bldg. 
Shreveport, La. 


Teche Section 


GEORGE HARPER, Chairman 
Union Oil Co. California 
Box 42 
Abbeville, Louisiana 


GUS VOGLER, Vice-Chair. 
Allen Cathodic Protection Co. 
264 
Lafayette, 


JAMES H. BOOKSH, JR., Sec.-Treas. 


Corp. 
Box 4 
New La. 


Tulsa Section 


JACK P. BARRETT, Chairman 
Stanolind Oil & Gas Co 
P. O. Box 591 
Tulsa, Oklahoma 


L. B. NELSON, Vice-Chair. 
Shell Pipe Line Corp. 
Box 831 
Cushing, Okla. 


HUGH A. BRADY, Secretary 
Pipe Line Anode Corp. 
P. O. Box 996 
Tulsa, Oklahoma 


EDWARD A. BARTOLINA, Treasurer 


Moorlane Company 
Box 1679 
Tulsa, Oklahoma 


WESTERN REGION 


L. L. WHITENECK, Director 
Long Beach Harbor Dept. 
1333 El Embarcadero 
Long Beach 2, Calif. 


E. H. GRIZZARD, Chairman 
Signal Oil Gas Co. 
811 West 7th St. 
Los Angeles, Cal. 


AUSTIN S. JOY, Vice-Chairman 
Bechtel Corp., Somastic Div. 
Box 457 
Wilmington, Cal. 


ROBERT H. KERR, Sec.-Treas. 
Southern California Gas Co. 
Box 3249 Terminal Annex 
Los Angeles, Cal. 


Los Angeles Section 


S. J. ARTESE, Chairman 
Shell Oil Co., Inc. 
Box 728 
Wilmington, California 


. K. GALLY, Vice-Chairman 
1061 Mar Vista Ave. 
Pasadena, California 


. H. TANDY, Sec.-Treas. 
Standard Oil Co. of Calif. 
Box 97 
El Segundo, California 


Salt Lake Section 


HARRY R. BROUGH, Chairman 
Mountain Fuel Supply Co. 
36 South State St. 
Salt Lake City, Utah 


GEORGE HILL, Vice-Chair. 
Fuel Technology Dept. 
University of Utah 
Lake City, Utah 


JOHN W. COX, Sec.-Treas. 
Utah Oil Refining Co. 
P. O. Box 898 
Salt Lake City 10, Utah 


San Diego Section 


MAGOFFIN, Chairman 
California Water Telephone Co. 
19 West 9th St. 

National City, Calif. 


ARMBRUSTER, Vice-Chairman 
San Diego Gas & Electric Co. 
4206 Overlook Drive 
San Diego, Calif, 


DALLAS RAASCH, Sec-Treas. 
La Mesa, Lemon Grove, 
Spring Valley Irrigation District, 
Box 518, La Mesa, Calif. 


San Francisco Bay Area 
Section 


G. A. WORKS, JR., Chairman 
Union Oil Co. of Cal. 
Oleum, Cal. 


D. R. LOPER, Vice-Chair. 
Standard Oil Co, of Cal. 
225 Bush St. 

San Francisco, 


T. J. SMITH, Sec.-Treas. 
Electric Steel Foundry Co. 
249 First St. 

San Francisco 5, Cal. 


CANADIAN REGION 


R. J. LAW, Director 
The International Nickel Co, of 
Canada, Limited 
25 King St. W. 
Toronto, Ontario 


G. 1. RUSSELL, Chairman 
Trans Mountain P:peline Co. 
1070 Hornby St. 

Vancouver, B. C. 


L. W. SHEMILT, Vice-Chair, 
University of British Columbia 
Vancouver, B. C 


G. M. McPHERSON, Sec.-Treas. 
Imperial Oil Ltd. 
300 Ninth Ave. W. 
Calgary, Alta, 


British Columbia Section 


F. FORWARD, Chairman 
Dept. Mining & Metallurgy 
U. of British Columbia 
Vancouver, B. C 


CAZALET, Vice-Chair. 


British Columbia Electric Railway 
Vancouver, B. C. 


(Continued on Page vi) 
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RUBBER COVERINGS 


From gallon drums large storage tanks from 
pipes and fittings expansive exhaust systems ARco 
rubber coverings protect this equipment 
money-saving results everywhere the chemical industry. 


ARco Engineers will design, fabricate, insulate and erect 
complete ventilating, storage and processing installations 

or, they will cooperate with your equipment 
facturer making your systems corrosion-proof. 


Whatever your requirements may be, ARco rubber cover- 
ings can help you reduce maintenance costs and increase 
production. 


TRANSPORTATION EQUIPMENT 


Write for this valuable literature 
today. Get this important informa- 
tion on the values and services 
offered by ARco rubber linings to 
the chemical field. 


RUBBER PROCESSORS 


4033 Homestead Road Houston, Texas 
APPLICATORS AMERCOAT PROTECTIVE COATINGS 


Directory Officers 


(Continued from Page 


British Columbia Section 


LEVELTON, 
British Columbia Research 
Council 
University of British Columbia 
Vancouver, B. C. 


CRAIGHEAD, 
Industrial Coatings, Ltd. 
1930 Main St. 
Vancouver, B. C. 


Hamilton-Niagara Section 


C. E, MAKEPEACE, Chairman 
Page Hersey Tubes Ltd. 
Welland Ontario, Canada 


HYSLOP, Vice-Chairman 
United Gas & Fuel Co. of 
Hamilton, Ltd. 

82 King St. E. 
Hamilton, Ontario, Canada 


R, J. BERKOL, Sec.-Treas, 
Atlas Steels, Ltd. 
Welland, Ontario, Canada 


Toronto Section 


T. R. B. WATSON, Chairman 
Corrosion Service, Ltd. 
21 King St. E, 
Toronto, Ontario, Canada 


COLIN PRESCOTT, Vice-Chair. 
Hydro-Electric Power Commission 
Ontario 
620 University Ave. 
Toronto, Ontario, Canada 


R, J. LAW, Secretary 
The International Nickel 
Co, of Canada, Ltd. 
25 King St. W. 
Toronto, Ontario, Canada 


STEPHEN KOZAK, Treasurer 
Canada Wire & Cable Co., Ltd. 
Postal Station R. 

Toronto, Ontario, Canada 


Approximately 7/16 inches high, 
gold, inlaid with bright red 
enamel background 
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MULTIMET Alloy 
ck- Oxidation, high temperatures. 
(cobalt-chromium- Oxidation, high temperatures, carburiza- 
tungsten-nickel) wet chlorine, nitric acid. 
e 
Haynes Stellite Company 
Division 
Union Carbide and Carbon Corporation 
General Offices and Works, Kokomo, Indiana 
Sales Offices 
Los Angeles—New York—San 
exas ciaynes," hastelloy,” and “Multimet” are trade-marks of Union Carbide and Carbon 
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HAYNES Alloy 


Trade-Mark 


Piston 
Rods 


Four different Haynes alloys are available hot-rolled and forged bar 
stock for the fabrication parts subjected heat, corrosion, oxidation. 


Kach alloy has unusual combination properties combat certain severe 


service conditions, indicated the chart below. Typical parts made from 
Haynes alloy bar stock are piston rods, valve stems, pickling racks, pump 


such automotive valves and tur- 


shafts, bolts, needle valves and forgin 
bine blades. 


Round bars are available diameters from in. down inch. Rounds 


larger than 314 in. diameter can obtained hot forgings. 


Haynes alloy bars can turned, ground, drilled, tapped, reamed, threaded. 
and welded. 


For further information about alloy bar stock, contact the nearest 
Pickling Haynes Stellite Company district office. 
Racks 


USE BAR STOCK FOR RESISTANCE 


HASTELLOY Alloy Hydrochloric acid, wet hydrogen chloride 
gas, sulphuric acid, phosphoric acid, organic 


acids, high temperatures. 


(nickel-molybdenum- 
iron) 


HASTELLOY Alloy 


i: 
Bolts 


TP-4 


TP-1A 


TP-1B 


TP-1G 


TP-2 


TP-2A 


TP-3 


TP-4 


GORROSION AND GAS WELL 
EQUIPMENT (Formerly Condensate 
Well Corrosion) 


BUCHAN, Chairman 
Humble Oil Co. 
Box 2180 
Houston, Texas 


GRECO, Vice-Chairman 
United Gas Corp. 
Box 1407 
Shreveport, La. 


Pacific Coast. Frank Davie, chairman, Shell 
Oij Co., Los Angeles 14, Calif. P. W. Hill, 
vice-chairman, General Petroleum Corp , Los 
Angeles 54, Calif. 


Condensate Well Corrosion. Buchan, 
Humble Oil Refining Co., Hous- 
ton, Texas. 


Sweet Oi/ Well Corrosion. H. L. Bilhartz, 
chairman; H. E. Greenwell, vice-chairman, 
both with Atlantic Refining Co., P. O. Box 
2819, Dallas. 


Sour Oil Well Corrosion. J. A. Caldwell, co- 
chairman, Humble Oil & Ref. Co., Box 2180, 
Houston, Texas, and R. L. Elkins, co-chair- 
Shell Oil Corp., Box 1509, Midland, 


Metallurgy—Oil and Gas Well Equipment. 
. A. Prange, chairman; Phillips Petroleum 
Co , Bartlesville, Okla. 


Sulfide Stress Corrosion. R. S. Treseder, chair- 
man; Shell Development Co., Emeryville, Cal. 


Corrosion of Oil String Casing. Jack L. Battle, 
chairman; Humble Oil & Ref, Co., Box 2180, 
Houston, Texas. 


Oil Field Structural Plastics. W. M. Thornton, 
co-chairman; Atlantic Refining Co., P. O. Box 
2819, Dallas, Texas; B. W. Bradley, co-chair- 
man, Shell Oil Company, Tulsa, Okla, 


Evaluation of Inhibitors for Use in Oil & Gas 
Wells. J. C. Spalding, Jr., co-chairman, Sun 
Oil Co., Dallas, Texas. Greco, co-chair- 
man, United Gas Corp., Shreveport, La. 


GALVANIC ANODES FOR CATHODIC 
PROTECTION 


ROBINSON, Chairman 
The Dow Chemical Co. 
616 East Grove St. 
Midland, Mich. 


WAHLQUIST, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


Correlation of Data From Operating Installa- 
tions, L. R. Sheppard, chairman, Shelli Pipe 
Line Corp., Houston, Texas. 


ANODES FOR USE WITH IMPRESSED 
CURRENTS 


PEABODY, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


MINIMUM CURRENT REQUIREMENTS 
FOR CATHODIC PROTECTION 


SUDRABIN, Chairman 
Electro Rust-Proofing 
No. Main St., 

Belleville, 


SCHMIDT, Chairman 
Dow Chemical Company 
Midland, Michigan 


EX-OFFICIO MEMBERS 


WALTER ROGERS 
AARON WACHTER 
CAMPBELL 


(Chairmen of all numbered committees 
listed below are members of the full com- 
mittee) 


TP-5 


TP-5A 


TP-5C 


TP-5D 


TP-5F 


TP-5G 


TP-6 


TP-6A 


TP-6B 


TP-6C 


TP-6G 


TP-€H 


TP-6K 


TP-6L 


CORROSION PROBLEMS INVOLVED 

PROCESSING AND HANDLING 

CHEMICALS 

PAUL GEGNER, Chairman 
Columbia-Southern Chemical Corp. 
Barberton, Ohio 


Corrsoion by Sulfuric Acid. C. L. Bulow, chair- 
man; Bridgeport Brass Co., 30 Grand St., 
Bridgeport, Conn. W, A. Luce, vice-chairman; 
The Duriron Co., Box 1019, Dayton, Ohio. 


Sub-Surface Corrosion by Alkaline Solutions 
(Caustic Embrittlement). C. F. Pogacar, chair- 
man; Atlantic Refining Co., 260 South Broad 
St., Philadelphia, Pa. 


Corrosion Acetic Acid. Teeple, 
chairman, International Nickel Co., Inc., 67 
Wall St., New York City. 


Corrosion by Chlorine. R. |. Zimmerer, chair- 
man; Westvaco Chemical Division, Food Ma- 
chinery & Chemical Corp., Drawer 8127, 
Charleston West Virginia. 


Corrosion by Nitric Acid, J. L, English, chair- 
man; Oak Ridge National Laboratory, P. O. 
Box P, Oak Ridge, Tenn. 


PROTECTIVE COATINGS 
LIEBMAN, Chairman 
Dravo Corp. 
Neville Island 
Pittsburgh, Pa. 
KENNETH TATOR, Co-Chairman 
Kenneth Tator Associates 
Montour St. Ext, R.D. 
Coraopolis, Pa. 
PACIFIC (West Coast Div.) 
Whiteneck, Chairman 
Long Beach Harbor Dept. 
Long Beach Cal. 


Organic Coatings and Linings for Resistance 


-to Chemical Corrosion. R. McFarland, Jr., 


chairman; Hills-McCanna Co., 3025 N.W. 
Ave., Chicago 18, Ill; C. G. Munger, co- 
chairman, Amercoat Corp., 4809 Firestone 
Bivd., South Gate, Calif. 


Protective Coatings for Resistance to Atmos- 
pheric Corrosion, L. L. Sline, chairman; Sline 
Industrial Painters, 2612 Terminal Drive, 
Houston, and Howard C. Dick. vice-chairman, 
Products Research Service, Inc., Box 6116, 
New Orleans, La. 


Protective Coatings for Resistance to Marine 
Corrosion, Raymond P. Devoluy, chairman. 
C. A. Woo'sey Paint & Color Co., 229 E. 
42nd St , New York 17, N. Y. 


Protective Coatings in Petroleum Production. 
Jack P. Barrett, chairman; Stanolind Oil and 
Gas Company, Tulsa, Okla, 


Surface Preparation for Organic Coatings. 
L. R, Whiting, chairman, Bakelite Corp., 30 
East 42nd St., New York 17, N. Y. 


Glass Linings and Vitreous Enamel. G. H. 
McIntyre, chairman. Ferro-Enamel Corp, 
Harvard & 56th St., Cleveland 5, Ohio. 


Corrosion Resistant Construction with Masonry 

and Allied Materials. Robert R. Pierce, chair- 
man. Pennsylvania Salt Manufacturing Co., 
1000 Widener Blidg., Philadelphia, Pa. 


Asphalt Type Underground Protective Coat- 


ings. R. J. Schmidt, chairman; California Re- 
search Corp., 200 Bush St., San Francisco, Cal. 
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TP-8 


TP-8A 


TP-9 


TP-11 


TP-12 


TP-13 


TP-14 


TP-14A 


TP-15 


TP-15A 


TP-15B 


TP-15C 


MATERIALS FOR USE HIGH 
PERATURES 


SCHEIL, Chairman 
Director Metallurgical Research 
Smith Corporation 
Milwaukee, Wisconsin 


CORROSION WATERS 


KENDALL, Chairman 
National Tube Division 
United States Steel Corp. 
Frick Bldg., 

Pittsburgh 30, Pa. 


Corrosion Gulf Coast Cooling 
Charles P. Dillon, chairman, Carbide and 
Carbon Chemicals Co., Texas City, Texas. 
W. B. Brooks, vice-chairman, Dow Chemical 
Company, Freeport, Texas. 


CORROSION INHIBITORS 


ROBERT WISE, Chairman 
National Aluminate Corp. 
6216 West 66th Place 
Chicago, Ill. 


WASCO, Vice-Chairman 
The Dow Chemical Co. 
Midland, Mich. 


IDENTIFICATION CORROSION 
PRODUCTS 


IMHOFF, Chairman 
Research Supervisor, Lab. 
Allis-Chalmers Mfg. Co. 
Milwaukee Wis. 


EFFECT ELECTRICAL GROUNDING 
CORROSION 


GLEN APPLEMAN, Chairman 
Pennsylvania Power Light 
Ninth Hamilton St. 
Allentown, 


ANNUAL LOSSES DUE CORROSION 


ALQUIST, Chairman 
The Dow Chemical Co. 
Midland, Michigan 


INSTRUMENTS FOR CORROSION 
MEASUREMENTS 


HAYWARD, Chairman 
Engineering Experiment Station 
University 


Electrical Holiday Inspection of Coatings 
Lyle R. Sheppard. chairman, Shell Pipe Line 
Corp., Houston, Texas. 


CORROSION CONTROL 
TRANSPORTATION INDUSTRIES 


KESSLER, Chairman 
Baltimore Ohio Railroad 
Baltimore 23, Maryland 


MAGEE, Vice-Chairman 
Assoc. Amer. Railroads 
Technology Center 
Chicago 16, 


Corrosion Control of Railroad Tank Cor § 


J. R. Soraul, chairman, Gen, Amer. Trans 
portation Co., E, Chicago, Indiana. 


Railroad Suppliers of Corrosion Resistant 
Materials. Swann, chairman, Std. 


way Equioment Co., 4527 Columbia Avent 


Hammond, Ind. 


Corrosion Railroad Hopoer Cats 
S. K. Colburn, chairman, Assn, of Amer. Rall 
roads, Technology Center, Chicago! 
Ilinois. 


August, 
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DIRECTORY TECHNICAL PRACTICES COMMITTEES 


ELECTROLYSIS AND CORROSION STANDARDIZATION PROCEDURES 


CABLE SHEATHS FOR MEASURING PIPE COATING TECHNICAL REPORTS 
IRWIN DIETZE, Chairman CONDUCTANCE Available from 
ept. ater ower 
City Los Angeles, Cal Huddleston Engineering Co. 
Bartlesville, Okla. CORROSION ENGINEERS 
| 1061 M M Blidg., Houston 2, T 
Fletcher, chairman, inois Be ele e 
vetlik, co-chairm 
Public Co., 5265 Hohman Ave., TION PETROLEUM 
Hammond, In copy. 
SHARPE, Chairman TP-2 First Interim Report Galvanic 
Humble Pipe Line Co. Anode Tests. (Pub. 50-2) NACE 
 Tp-16B Corrosion of Lead and Other Metallic H T members, $3; Non-members, $5 per 
Texas, N.Y. J. C. Howell, co-chairman, Public Serv- Anode Tests, (Pub. NA 
state Oil Pipe Line Co., Box 1107, Shreve- TP-1D Oil Well Corrosion. Corrosion 
port, Hunter, Jr., vice-chairman; August, 1952 issue. NACE members, 
Cathodic Protection Cable Sheaths. Service Pipe Line Co., Box 1979, Tulsa, Okla. $.50; Non-members per copy. 
| Lawall, chairman, Amer. Tel. & Tel. Co., TP-1G Field Experience With Cracking of 
1538 Union Commerce Cleveland Corrosion Products Pipe Lines. High Strength Steel Sour Gas and 
Ohio, Pokorny, co-chairman, Cleveland Ivy Parker, chairman, Plantation Pipe Oil Wells. (Included Symposium 
3 Elec. Illuminating Co., 75 Public Sq., Cleve- Line Co., Box 1743, Atlanta, Ga. Raymond Sulfide Stress Corrosion. (Pub. 52-3) 
land Ohio. Hadley, chairman, Sun Pipe Line Co., 1608 per more copies one 
Walnut, Philadelphia Pa. address, $.50 per 
: TP-5A Materials of Construction for Hand- 
Tests and Surveys. Kulman, chairman, ling Sulfuric Acid. Corrosion, August, 
Cone ene TP-19 CORROSION BY DE-ICING SALTS members, $.50; 
rving Place, New York Howell, on-members, per copy. 
‘ Practices for Surf P ti f 
TP-I6E Corrosion and Protection of Pipe-Type 4 Irving Place Steel. (Pub. 50-5) Per copy, $.50. 
Cables. Frank Kahn, chairman, Philadelphia New York TP-6G Second Interim Report Surface 
Lab : Electric Co., 2301 Market St., Philadelphia a . Preparation of Steels for Organic 
Pa. HART, Vice-Chairman and Other Coatings. (Pub. 53-1) Per 
Sheath Coatings. Hunt, 208 West Washington St. TP-12 Report Prac- 
q chairman, Simplex Wire & Cable Co., 79 B tices, Per copy $.5 
NDING Sidney St., Cambridge 39, Mass. Chicago 
FURANE RESIN CEMENT FOR CORROSION RESISTANCE 
ACIDS 
ALKALIES 
SOLVENTS 
Resiment furane resin cement shipped the form powder and liquid 
for mixing time use. recommended for use mortar for acid-proof 
masonry, tank linings, floors, sewers, towers, molding process equipment 
k Cors q 
and similar installations and may used safely temperatures 375 
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Threshold Treatment with CALGON* 


JUST SIMPLE FACTS tell the story about Threshold 

Treatment with Calgon. The treatment effective 

and economical. Threshold Treatment with Calgon prevents 

lime scale. controls corrosion. stabilizes 

dissolved iron and manganese, and stabilizes water 
following softening. 

have helped many users municipal and industrial 

waters solve their problems. Let help you. 


on, inc. 


SUBSIDIARY HAGAN CORPORATION 
HAGAN BUILDING, PITTSBURGH 30, PA. 


*T.M. Reg. U.S. Pat. Off 
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Corrosion 
and Wear 


Heat Exchanger Tubes 


takes lot handling retube heat exchangers 
while the job goes on, equipment downtime 
plays mischief with production. 


Minimize the risk such shutdowns. Wherever 
heat-transfer capacity factor, especially where 
wall thickness tubes allows but little tolerance 
for effects corrosion and erosion, specify 70-30 
cupro-nickel tubes. 


Thin walls this strong tough alloy resist corro- 


sive and erosive attacks from all sorts cooling 
media including polluted, silt-laden harbor water. 


Along with ability withstand wide variety 
corrosive agents, the 70-30 cupro-nickel tubing pro- 
vides outstanding resistance pitting and stress 
corrosion cracking. 


Aship ashore, this alloy gives unsurpassed per- 
formance vital parts equipment exposed salt 
water corrosion. 


power generator stations, sugar mills, oil re- 
fineries and similar plants cupro-nickel alloys 
serve feed water condensers, evaporators 
and other heat exchangers, and oil coolers, stills, 
water boxes, piping, tanks, and other equipment. 
Cupro-nickel alloys minimize maintenance and re- 


INTERNATIONAL NICKEL COMPANY, INC. 


1953 


Anaconda 70-30 Cupro-Nickel Tubes, produced AMERICAN BRASS 
Waterbury, Conn., were used replace tubing 
Admiralty Metal the Harbor Steam Plant, Dept. Water 
and Power, City Los Angeles, Calif. View shows men re- 
tubing part 70,000 sq. ft. surface twin-condenser with 
5,878 Anaconda cupro-nickel tubes O.D. 26’ long, 
serving 75,000 turbine. 


placement expense, loss heat transfer capacity 
and interruptions operation resulting from 
corrosion. 


Cupro-nickel produced tubing, rod, strip, wire 
and sheet, and also cast form. shall glad 
give you additional information and help you select 
the one best suited your requirements. Write 
today. 


the present time, nickel available for the pro- 
duction cupro-nickel and other alloys containing 
nickel, for end uses defense and defense support- 
ing industries. The remainder the supply avail- 
able for some civilian applications and govern- 
mental stockpiling. 


WALL STREET 
NEW YORK 


When the Heat’s 


Exchangers Stay the Line LONGER 
With Stainless Tubing 


the left are pictured group heat exchangers 
and heaters service widely diverse jobs, all 
parts the country. They have one thing common 
—the Carpenter Stainless Tubing that keeps them 
the line the for production. 


Modern process equipment like this has stay 
the job. You can’t afford interrupt process for 
hours days replace tubes. 


and more orders call for Carpenter Stainless Tubing. 
They know that the quality standards set 
the mill will safeguard the quality reputation 
their equipment. 


Analysis, Tolerance and Finish are guaranteed 
Stainless Tubing. 


Send for this USEFUL SLIDE 


Physical properties, sizes and 
cross-sectional areas, velocity constants, 
pressures, weights and other technical 
data Carpenter Stainless Tubing for heat exchanger 
tions are condensed into this handy chart. yours for the 
asking, your company letterhead. 


The Carpenter Steel Company, Alloy Tube Division, Union, 


Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. 


August, 
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your specifications 


GOOD-ALLS are among the most efficient 
service today! They are ruggedly built 
withstand the ravages wind, rain, sleet 
and wide degree temperature changes. 
Many installed over years ago are still 


giving uninterrupted service. WIDE 


SELECTION MODELS 


ADD-A-STACK REGULAR AIR-COOLED 


MODELS YOUR CHOICE Pole mounted, platform mounted, Explosion-proof, platform mount, 
models. MODELS WITH HERMETICALLY models. 


STACKS. 


Mfd. GOOD-ALL ELECTRIC MFG. CO., Ogallala, 


Nebraska 
OTHER FIRST LINE Distributed 


MATERIALS INCLUDE: 


OFFICES LOCATED 
HOUSTON 


Jow Magnesium Anodes 
CPS Graphite Anodes 4601 Stanford Street 
Polyken Protective Tape Coatings ; Houston 6, Texas . 
Betzel Tapesters 


Maloney Insulating Materials 

n Erico Cadweld Welding Materials 
Fisher M-Scope Pipe and Cable Locators 
Detectron Pipe Locators 


Phone JA-5171 
TULSA 


Wahlquist Pipe Locators a 314 Thompson Building 
CPS Graphite Anode Backfills Tulsa, Okla. 
Homco and Barada and Page Backfills 


Agra and Collins Meters 

Associated Research Resistivity Meters 
Rubicon Potentiometers 

Pearson Holiday Detectors 


Holloway Shunts 
Direct-Burial Cable : 
Ditch-Witch Trenchers 


Phone 2-9857 


NEW ORLEANS 

1639 Robert Street 
New Orleans 15, La. 

Phone CH-8310 


Everything the cathodic protection field 
from insulating washer turnkey contract installation. 


—August, 1953 
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STOP RUST 
Use Packaging 


VPI* protects ferrous metals against 
corrosion during transit storage, 
its vapors. Items protected are 
simply wrapped paper. 


Proper wrapping and storage will give 


VPI, made with Monsanto Dicyclo- 
hexylamine, also available crystal 
form. Crystals may blown metal 
ing then seals vapors. 


With VPI there greasing de- 


greasing—no skilled labor required. 
*Reg. U.S. Pat. Off. by Shell Development Co. 


For copy this booklet 
VPI, write MONSANTO 
CHEMICAL COMPANY, 
Organic Chemicals Division, 
800 North Twelfth Blvd., 


St. Louis Missouri. 


Serving Industry...Which Serves Mankind 


VPI PROTECTS: Aircraft engines, precision tools, 
auto body stampings, military weapons, tractors 
and heavy equipment ferrous metal parts, 
tools instruments. 


August, 
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TAILORED YOUR JOB 


PROTECTIVE COATINGS 


PRODUCTS DEPARTMENT THE KENDALL COMPANY 


1953 


with easy 


Polyken Protective Tape Coatings 
are ideal for use couplings, 
joints and holidays. Conforms 
speed the job and cut costs. 


New Polyken Protective Tape 
Coatings may applied by. 
portable machine feet 
per minute even inexperi- 


You can apply this Polyken pressure- 
sensitive tape economically hand 
machine just comes off the 
roll. Pipes are coated uniformly and 
evenly one simple step. You don’t 
have mess with heating mixing. 
There are liquids, solvents thin- 
pensive machines operate clean 
...and delay for drying time. 

Yet,simpleasapplicationis, Polyken 
Protective Tape Coatings can de- 
pended upon guard pipes against 
corrosion for long, long time. And 
that goes for pipes any location— 
above below ground, the plant 
the field. 

Polyken Tape No. 900, black (also 
available gray, No. 910) the poly- 
ethylene plastic tape coating made 
exclusive Polyken process. See 
for yourself how your corrosion prob- 
lems can solved this easy way. 
Mail the coupon for free samples and 
details. 


Polyken, Dept. 

222 West Adams St., Chicago 6, Illinois 

Please send samples and further informa- 
tion POLYKEN PROTECTIVE TAPE 
COATINGS. 


Name Title 

Company 

Street Address 

City Zone 


CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 


objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good, 


encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents, 


foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston 


Officers, 1953-54 


Houston, Texas 


AARON WACHTER 
Emeryville, Cal. 


Houston, Texas 


Executive Secretary......... CAMPBELL 
1061 Building, Houston Texas 


Directors 


President 


Gulf Oil Corporation, Houston 


Vice-President 
Shell Development Company, Emeryville, Cal, 
Treasurer 


Humble Pipe Line Company, Houston 


Past President 


Ohio State University, Columbus 


Representing Active Membership 


Koppers Co., Westfield, 

Interstate Oil Pipe Line Co., Shreveport, La. 

NORMAN HACKERMAN................. 1952.55 
University Texas, Houston 


Phillips Petroleum Co., Bartlesville, Okla. 


Representing Corporate Membership 


The Crane Company, Chicago, 

Aluminium Laboratories, Ltd., Kingston, Ont. 

United States Steel Corp., Pittsburgh, Pa. 

Dow Chemical Corp., Midland, Mich. 


United States Steel Corp., Vandergrift, Pa. 


Representing Regional Divisions 


Parker Rust Company, Detroit, Mich. 


DERK HOLSTEYN........ (South Central) 
Shell Oil Company, Houston, Texas 
International Nickel Co. Canada, Ltd., Toronto 
Board Harbor Commissioners, Long Beach, 
California 
American Cast Iron Pipe Co., Birmingham, Ala. 


Consolidated Edison Co. Y., New York City 


Directors Officio 


BALDWIN, Chairman Regional 
Committee 
Johns-Manville Sales Corp., New York, 


NOPPEL, Chairman Policy and Planning 
Committee 
Ebasco Services, Inc., New York, 


HOXENG, Chairman Publication Committee 
United States Steel Corp., Pittsburgh, Pa. 


Committee 
The Dow Chemical Company, Midland, 
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INTER SOCIETY Corrosion Commit- 
tee has become greatly concerned about the 
which may result from dependence 
unproven devices for controlling corro- 
and scaling. The committee recommends 
that caution exercised the application 
such devices, since any failure give protec- 
may result serious damage expensive 
where real problem corrosion 
scaling exists. 


The Inter Society Corrosion Committee 
about thirty-five delegates from 
technical societies the United States 
Canada actively concerned with problems 
corrosion control and with the scientific re- 
the economic loss caused corro- 
means this word caution and 


seeks promote the use the many 


sound and effective devices and 


accordance with its established objectives the 


which are presently available and 
methods control. 


discourage dependence unsound and ineffec- 


| 

¢~ Statement on this page was sent to all delegate members of 
ste In Society Corrosion Committee, headquarters offices of 
yovern: 


c ntal agencies and technical societies represented on the 
commit ®, with a suggestion it be published in the journals of the 
Societies addressed. 


OFFICIAL MONTHLY PUBLICATION 


August, 1953 


National Association Corrosion Engineers 
Association Individuals and Organizations Concerned with Contro! Corrosion 


Houston Texas 


No. 


Inter Society Corrosion Committee 
Urges Caution Use Unscientific Devices 


are generally promoted the basis testi- 
monials from presumably satisfied customers, 
unsupported quantitative data. Special at- 
tention drawn supposedly scientific expla- 
nations which make liberal and incoherent use 
such terms catalysis, magnetism, elec- 
tronics, radiation, etc. Such 
not appear have any basis scientific fact. 

some cases recommendations are made 
manufacturers that grounding wires electri- 
cal circuits, unfavorably connected pipes 
which the devices are installed, should re- 
arranged connected elsewhere. The commit- 
tee emphasizes that if, because installation 
after one these devices has been in- 
stalled, the electrical circuits are not grounded 
accordance with the National Electrical 
Code, serious impairment the safety per- 
sons and property may result. 

Against this background and line with its 
responsibilities the committee then recommends 
extreme caution the application devices 
for control corrosion and scaling that are 
characterized supposed operation without 
any apparent basis sound scientific principles 
and for which adequate 
formance data are available. 


devices which are not based any 
ing 
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Cathodic Protection Active Ships 
Sea Water With Graphite Anodes* 


Introduction 


MPRESSED current cathodic protection systems 
have been recently reviewed and 

his review, the author considered the merits 
graphite the anode material for impressed current 
systems. The review draws attention the high 
ampere hour per pound capacity graphite, which 
when coupled with proper mounting techniques would 
result probable anode life five years and 
the availability and cheapness graphite. Disad- 
vantages cited are: Fragility and poor mechanical 
strength. Higher driving voltage (over iron, etc.) 
necessary overcome the potential between the 
steel hull and the graphite anode and electrolize 
the water current can flow the anode-sea water- 
hull circuit. 

the purpose the present paper discuss 
detail the Naval Research Establishment’s experi- 
ence with graphite anodes and give results 
trials active ships. 

Trials with graphite anodes all were made Glen 
Class tugs sea water Halifax. These ships are 
feet long, have wetted area 2000 square feet 
and weigh approximately tons. The description 
and results trials the three ships used are given 
ship ship, rather than chronological order. All 
hull potentials are with respect 
chloride electrode and the value for protected hull 
established 820-840 millivolts earlier 
was used. 


GLENBROOK 


Experimental. The first trials were made this ship. 
Two anodes National Carbon Company Amer- 
ica’s special grade graphite for use sea water 
were fitted. The anodes were mounted special 


% Submitted for publication May 11, 1953. 
* Naval Research Establishment, 


Dartmouth, N. 


Figure anode Glenbrook. 
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Abstract 


Trials three steel tugs with impressed current 
cathodic protection systems using graphite anodes 
are described. The trial results indicate that opera- 
tion graphite anode impressed current cathodic 
protection system, reasonable current outputs, re- 
quires shielding the hull around the anodes 
obtain uniform current spread low currents. Paint 
films have not been found satisfactory they break 
down under the relatively high voltage drop (5.5 
volts) occurring with graphite anodes. Satisfactory 
shielding was obtained with vulcanized rubber and 
results indicate that flame sprayed polymers also may 
satisfactory. 


steel protective brackets which were welded the 
bilge keels the tug, one side. The brackets 
were lined with rubber sheeting and the anodes were 
secured the brackets bolts bearing 
shoulders Bakelite inserts threaded into the 
graphite. The anodes were thus effectively insulated 
from the hull and given some protection against 
mechanical damage (Figure 1). insulated lead 
from each anode was passed through watertight 
gland the hull and then connected the positive 
terminal the impressed voltage supply. The lead 
connection into the anode shown Figure The 
negative side the voltage supply was grounded 
internally the hull through control rheostat and 
ammeter. The supply for the anodes used the start 
the trial was bank 6-volt storage batteries 
charged from the ship’s direct current supply. 
the ship was undocked, the underwater was 
buffed bare old paint and left unpainted. 


Results. The ship was undocked, the cathodic 


tection system was turned and recording the 
potential the hull with respect 


chloride electrode and the anode current was 


the time the ship entered the water. was 
evident from these readings that the hull was not 


polarizing when amperes milliamperes 
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square foot apparent current density was applied. 
This value sufficient maintain bare steel 
protected potential and was thought that the 
hull were polarized protected potential high 
current density from external source, then the 
ship’s anodes could keep the hull polarized. Accord- 
ingly, 200 amperes, 100 milliamperes per square 
foot, were passed through sea water the ship 
cathode from graphite anode feet from the hull, 
supplied welding Potential readings 
indicated that the hull polarized when the welding 
machine was on, depolarized when the ship anodes 
alone were relied upon. record the potential-time 
and current-time readings for the first fourteen days 
after undocking, shown Figure The times 
when the welding machine was used and other per- 
tinent data are the graph. The potentials recorded 
when machine was use are the instantaneous 
open circuit potentials. 

From the fourteenth the forty-third day after 


undocking, the hull potential this ship hovered 


625 and 650 with impressed currents 
densities 8.5 13.5 milliamperes per square foot, 
which should have been sufficient polarize 


bare stecl protected value. During this period, 
the battery was replaced 6-volt automo- 
bile generator driven suitable motor. 


the forty-fifth day after undocking, trial was 


made determine what current was required keep 


the hull protected potential. graphite anode 


connected welding machine was used and when 


this was held over the side the tug, two feet from 


hull, adequate protection was obtained with 
amperes. The anodes mounted the 


tug were then energized the welding machine and 


150 amperes was required polarize 


the hull the same potential had been reached 
with amperes using single anode distance 
from the hull. This experiment indicated that the 
current from the ship’s anodes could not have been 
spreading out uniformly and that areas nearer the 


were receiving high current density com- 


pared those more distant. 

investigate the type current distribution 
actually being obtained, current survey the hull 
was made. The method used was draw one foot 
square steel plate, grounded the hull, around the 
hull different stations along the ship’s length, and 
measure the current going this plate through 
zero resistance Because the test plate and 
the hull potential the positions the hull where 
the plate was placed were not the same, the current 
flowing the plate was measured with the anode 
current and again with the current off. The 
difference was taken the current going the 


plate from the anodes. 


Three surveys were made. the first, 
with its edges masked off wood and its 


face masked off Ozite cable sealing com- 


pound was used. This plate polarized rather badly 
during measurements and the two subsequent 


relatively non-polarizing exploring plate 


was devised. 
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Figure 2—Graphite anode connection. 
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Figure 3—Current-time and hull potential-time graphs for the first 
fourteen days protection Glenbrook. 


The new search-cathode consisted thin steel 
box which had four two-inch diameter porous porce- 
lain windows one face. The edges the box were 
masked with wood and the outer back face and steel 
portions the windowed face were masked off with 
Ozite. The interior the box was filled with 
saturated solution ferrous ammonium sulfate and 
potassium acid phthalate. The exploring panel this 
case was the inside surface the box contact with 
the solution. 

The second survey was made after the ship had 
been out drydock 113 days and showed that 
over most the hull the exploring panel received 
milliamperes. Within feet the anodes, the 
current was milliamperes and rose sud- 
denly almost 300 the anode. Total anode current 
was amperes. These current readings cannot 
changed into absolute current density figures the 
hull the location the exploring panel, but they 
are indicative the order magnitude expected. 
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Figure 4—Current-time and hull potential-time graphs for Glenbrook. 


Figure 5—Anode, anode bracket and current shield Glendyne. 


improve the poor current distribution being 
obtained, was decided shield the area immedi- 
ately around the anodes with good grade paint 
100 square feet hull, centering each anode, 
was buffed bare, degreased, treated with percent 
phosphoric acid and then given two coats vinyl 
paint. The ship was then undocked the test 

With the shielding vinyl patch, the hull potential 
was higher than before but still did not reach 
protected value with reasonable anode currents. 
third current survey was made shortly after the 
vinyl patches had been applied and was found that 
the current density was low except near the anode. How- 
ever, this case, the area high current, milli- 
amperes the exploring panel, extended over 
area feet each side the anode. The anode 
current was amperes. 

This survey showed that while the vinyl patch 
made some improvement, did not act effec- 
tive current shield. The survey was made Novem- 
ber 1949 and the experiment with Glenbrook was 
continued until October 1950. During the winter 
1949-1950 when the sea water temperature decreased, 
the hull polarized and was protected; but when the 
water warmed the following summer, the hull was 
longer protected even currents high 
amperes. The record hull potential and anode 
current for this ship shown Figure 

The ship was drydocked October 1950. ex- 
pected from the hull potentials, the ship was rusting. 
The vinyl coating had broken down the vicinity 
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the anodes. These regions and the anode bracket; 


were covered with heavy cathodic deposit, (Figure 
which, some places, was about inch thick 
The remainder the vinyl patch was brittle and the 
paint had lost its bond with the underlying 


and could pulled off large patches. was 


vious from this inspection that the paint had 
acted good current shield. The anodes 
about eighth inch wear the top face 
and considerable deterioration the bottom face 
This deterioration the bottom face was 
due attack chlorine which had 
lated pockets under the anode. The anode the 
port side had cracked near the lead end, but was stil 
passing current. 


GLENDYNE 


The results with Glenbrook showed that 
impressed current system was function econoni- 
cally regards power consumption better current 
distribution must obtained from the anode system, 
get adequate current spread when using graphite 
anodes, high duty insulating shield which will not 
break down under the applied voltage gradients must 
used. The effect mounting anode front 
such shield would similar using ata 


distance from the hull. Accordingly, second 


was planned which steel plate, feet feet 
0.125-inch, drilled fit over retaining bolts 
the hull, was vulcanized both sides and 
all edges with rubber. streamlined bracket made 
hold 3-inch 10-inch 30-inch graphite anode 
was also vulcanized all over with the rubber. The 
anode was secured to, but insulated from, the bracket 
which was secured to, but insulated from, the hull 
Figure Thus there was double layer insulating 
material between hull and anode covering 
feet and the anode was effect removed from the 
hull. The edges the rubber shield were all 
with compound frequently used for streamlining 
plate edges. Gas escape holes were cut the sides 


the anode bracket prior vulcanizing 


chlorine accumulation the underside the anode. 


insulated lead from the anode 


through the bracket (under end guard) and 
through watertight gland into the hull 
the positive side the direct current supply. 
was supplied motor generator and the 
output was controlled rheostat series 
the generator field. 

The hull this ship had had previous 
protection other than the attachment 
anodes and had corroded severely. The rust 
hull was left untouched, new paint was 
and the ship was undocked. record the 
potential and anode current was kept 
undocking and shown Figure can 
seen that this tug was maintained 
potential except for occasions when the 


erator supplying the current was out service 
the tug was fresh water. The average current 
quired for protection was about 
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square foot. current drain 
amperes, the following voltages 
across the circuit components were 
measured: generator hull, 7.3; 
anode to hull, 5.6. 

The shield was examined when 
the tug was drydocked four months 
and eighteen months after was 
fitted and deterioration the 
shield was observed. Some deteri- 
oration the rubber over the edges 
the bracket was noticed after 
months, but was not con- 
serious. Anode wear after 
months was about 


ANODE CURRENT IN AMPERES 


MULL POTENTIAL IN MILLIVOLTS. 


sidered 
This 


the anode bracket and shield and 


was decided investigate other 


likely substitutes for vulcanized 
was thought that poly- 


mer materials applied flame 

spraying techniques might suit- 

able current shields and third trial was started 
investigate this possibility. 


GLENSIDE 
With the third tug, Glenside, patch feet 
feet was sandblasted bare steel, etched with 
phosphoric acid and then coated with flame sprayed 
Polythene. The Polythene was applied with Schori 


laboratory gun but only ten pounds 
Polythene was available for coating. Because the 
small quantity material used, the resulting coating 
was thinner than those achieved the usual applica- 
tion this material, although care was taken try 
graphite anode inches inches inches was 
mounted after the bracket 
been coated with flame sprayed Polythene. The 
anode mounted but insulated from, the 
bracket and the bracket was mounted on, 
sulated from, the bilge keel. before, the current 
source was motor generator with rheostat control. 
The underwater hull the tug was buffed bare 
paint, left unpainted and the ship undocked. 

record (Figure was kept the hull potential 
and anode current from tHe time the ship was un- 
docked. can seen from this record that part 
the time the hull was unprotected because 
motor generator failure. Originally, 250- 
Watt generator was specified the supply, but 
Was not available the start the trial and 
smaller makeshift motor generator set 


get maximum thickness way the anode. 


Was in, 
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Figure 6—Current-time and hull potential-time graphs for Glendyne. 


om oars, 


Figure 7—Current-time and hull potential-time graphs for Glenside. 


This proved unable supply the initial high polar- 
izing current amperes and was replaced 
second substitute machine. The second machine 
supplied sufficient current polarize the hull and 
keep protected, but was not reliable mechanically 
and frequent breakdowns occurred. When the hull 
was protected, the current requirement was some- 
what higher than that required for Glendyne. 

July 1952, the tug was drydocked for inspection. 
was found that the Polythene immediately around 
the anode area over area inches 
(Figure 8). The coating the anode bracket was 
still good condition although the anode bracket 


inches 


down, but was fairly intact elsewhere 


itself was showing signs stray current corrosion 
the streamlined fairing piece bolted the bracket 
adjacent the anode, Figure Current from the 
anode passed through this piece its way the 
hull, entering and leaving through sharp edges where 
the Polythene was thin. The tug 
without anything being done the hull anode 
The record, 


system and the experiment continued. 
Figure shows that when the motor generator was 
operating and supplying current, the hull could 
protected. 


Discussion Trials 

The trials discussed show that active ships can 
cathodically protected impressed current systems 
using graphite anodes provided current shield 
placed around the anode insure fairly uniform 
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Figure 8—View anode Glenside. 


current distribution out from the anode. The current 
shield must high duty insulating material, such 
polymer material, must much thicker than 
the usual thickness obtained with paint films and 
must bonded more firmly the underlying 
steel than paint film. Vulcanized rubber has proved 
satisfactory but costly. Some success was obtained 
with flame sprayed Polythene but the coating ap- 
plied was not thick enough give this material 
fair trial. 

cathodic protection, the results and experience ob- 
tained with these tugs applicable larger ships 
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and impressed current 
using graphite anodes has been de. 


fiitted shortly. 


The trials also indicate that 
ternating current available the 
ships, AC-DC rectifier units 
preferable motor generators 


Frequent brush and bearing trouble 
occur with motor generators with 
the resultant interruption 
protection. motor generators 
are used, imperative have 
spare board all times. 
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Electrical Treatment Boiler Feed 


NTREATED hard water often used make- 
water for small, low pressure, steam boilers, 
the hardness salts are deposited inside the boiler 
removed during blowing down, but removal 
scale involves the shutting down the boiler and 
often requires considerable time and labor. Because 
these difficulties, many processes have been 
which small electric currents are used 
deposits form sludge rather than scale. 


chemicals and only negligible amount elec- 
energy, and they not call for skilled super- 

Many devices have been described employing 
variety types electrode, ranging from the boiler 
itself, specific part it, rods sheets 


other materials fixed the boiler, the 


the feed-water pipe. For most these devices the 
are supplied some external source with 
continuous intermittent direct current, with 
alternating current, with combination these 
wide range voltage and frequency.* 


Reprinted from Institution Water Eng., London, Vol. No. 686- 
699 (1951) Nov, 

Fuel Research Station, Blackwell Lane, East Greenwich, S.E. 10. 
- Water 
Herts. 
* A selection of patent numbers is given at the head of the alphabetical 
list of references at the end of this PARC: 


Pollution Research Laboratory, Langley Road, Watford, 


Abstract 


Two series tests are reported which hard make- 
water used for small, low pressure steam boilers 
examined determine the effect electrical treat- 
ment the water the formation scale and 
sludge the boilers. One test involved boilers spe- 
cially constructed they could taken apart for 
examination which two types electrical treat- 
ment devices, one using direct and the other alter- 
nating current were applied two boilers while two 
other boilers were fed untreated water controls. 
The other test involved boilers commercial use 
which tests with and without electrical treatment de- 
vices were made. Examination the sludge and 
scale residue volume, tenacity, constitution and 
chemical analysis from both boilers receiving electri- 
cally treated and boilers not receiving electrically 
treated water showed wide differences among the 
boilers. There was way, the authors concluded, 
which these differences could associated with 
electrical treatment the water. 


Many reports successful use electrical devices 
for scale prevention have appeared (Cumberland 
1915, and others) and some cases the statements 
have been supported photographic evidence 
(Wehrman, 1937). 1932 Debaufre (1932) reviewed 
the literature and experience the use electrical 
processes the United States. This study, coupled 
with experimental work, led him conclude that, 
though there may some merit electrical methods 
preventing scale and corrosion steam boilers, 
these processes are not effective all cases. Hub- 
bard (1929) supports this view and Manz (1924) 
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These processes are cheap use since they require 
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reports similar conclusions from survey 
installations. Splittgerber (1936) found that 
often not possible explain success failure 
the processes. considers that possible 
influence crystal growth electrical forces and 
expresses the view that greater success 
expected when more than half the total hardness 
present bicarbonate. 

has been pointed out Splittgerber (1937), 
such extravagant claims have been made advo- 
cates some the electrical devices that there has 
been very natural tendency dismiss, unworthy 
serious consideration, all the favorable statements 
made concerning the value electrical treatment 
boiler feed water. This tendency further strength- 
ened the scarcity factual evidence support 
these statements and the lack any clear 
explanation the mechanism the processes. 

There is, therefore, need for more technical in- 
formation concerning the behavior electrical equip- 
ment, point which has been well expressed 
Partridge (1930) who writes 


“Reliable information concerning practical tests 
electrical systems for scale prevention extremely 
limited. Most the articles published have very evi- 
dently been written interested parties rather than 
impartial observers and not include essential 
electrical systems designed prevent 
the formation scale actually exert some in- 
explicable influence, would the benefit all 
concerned bring light definite technical infor- 
mation the matter. the other hand, scale 
prevention electrical means more hypothetical 
than actual the credulous should protected from 
its advocates.” 


The Fuel Research Station and the Water Pollu- 
tion Research Laboratory the 
Scientific and Industrial Research were accordingly 
asked the Ministry Works and the Air 
Ministry investigate some these processes. 

Two groups experiments were made. the 
first group, carried out the Fuel Research Sta- 
tion, Greenwich, the boilers developed steam at- 
mospheric pressure. the second group, three small 
boilers operating maximum pressure Ib. 
per sq. in. were used; these were placed the 
disposal the Department, for purposes the tests, 
the Chief Mechanical and Electrical Engineer, 
Air Ministry Works Directorate. 


Group Tests 

The type boiler commonly used small installa- 
tions has many surfaces which are difficult reach 
during cleaning. The experimental boilers the Fuel 
Research Station were therefore made that they 
could dismantled for cleaning. Four boilers, 
long, 10% in. wide, and in. deep, were made 
light mild steel plate, and the sides and removable 
lid were covered externally with asbestos sheet. The 
normal water level the boiler was in. below the 
lid and in. above the three fire tubes which passed 
longitudinally through the water space. Each tube 
was in. diameter and was heated single gas 
jet. The gas supply was measured and adjusted 
per hour. 


Two kinds proprietary electrical treatment units 


were used the first test. One, using alternating 
current, consisted elements fitted into the 
wooden box, open the top and mounted 
small metal tank. Each element consisted 
carbon electrode surrounded concentric ebonite 
cylinder. The water treated was delivered 


the box and passed through the annular spaces be. 


tween the carbon electrodes and the ebonite 
inders, and into the metal tank which served the 
second electrode. The total current supplied was 
about 280 microamperes, obtained from the mains 
through transformer and variable resistance. The 
unit employing direct current consisted 
length wide metal pipe, flanged one end 
fitted into the feed-water pipe means screwed 
joints. electrode, which consisted 
cylinder closed one end and having number 
narrow slots along its length, was mounted inside 
the wide pipe means insulated flange. The 
water treated passed through the slots and out 
the unit. Electricity was supplied from the mains 
through transformer, rectifier, and variable resist- 
ance. The positive lead was joined the slotted 
electrode, and the negative the outer 
which was earthed; the current used was 
microamperes. 


The assembled equipment seen Figure 
Water supplied the boilers was measured 
weighing and was discharged four stock tanks, 
one for each boiler. From the stock tanks the water 
flowed gravity through control valve float 
chamber the feed pipe the side 
Screwed mild steel pipe was used throughout 
conveying the water. When electrical treatment was 
used, the equipment was fitted between the stock 
tanks and the float chamber. The makers were 
sulted with regard the method fitting the 
equipment and the setting the current. their 


request, the equipment using direct current was 


bonded electrically with the station’s water main. 


Filtered samples the various feed waters 


collected daily, and samples taken during 
were mixed provide sample for analy- 
sis. The concentration the 
boilers was allowed rise chosen value, 
was maintained daily check. The boilers 
blown down necessary and the water, and 
suspended matter removed with it, 
stored, measured, and later analysed. Table 
the volumes and average results analysis the 
boiler feed waters and blowdown waters. 
intervals the boilers were shut down for 
and the end 100 days they were allowed 
down completely and were examined 

The criterion used determine the effect treat 
ment was the ease with which deposits could 
removed from the boiler. cleaning boiler, 
contents were first drained off, collected, and 
ured. The inside the boiler was then washed 


jet water, and solid thus removed was 


arated, dried and weighed. After this the 


the boiler was detached, and the boiler was 
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with steel spatula and tapping lightly with 
scaling hammer. Deposits removed this way were 
classified easy remove, but deposits which 
needed heavy scraper remove them were classed 
difficult remove. 

Three tests were made with these four boilers, 
but the results for one boiler each Tests and 
outside the scope this paper Boiler No. 
Test received softened water, and Boiler No. 
Test received water treated “activator.” 
the first test, the concentration solids the 
water was allowed rise 14,000 parts per 
million, but the second and third tests was 
maintaine about 7000 ppm. Between the second 
third tests the boilers were modified slightly, 
bottom was provided which sludge 
collect where was not disturbed the cir- 
water the boiler. The various waters 
reduce far possible the influence the result 
chance variations the construction operation 
the Two methods electrical treatment 
used the first test, and the scale deposited 
which received untreated water 
way, failed confirm this result and third 
was therefore made, with two boilers receiving 
water and two boilers receiving water 
the direct current but this 
inconclusive. 
Table the weights sludge and easily re- 
scale are given percentages the total 
matter deposited the three tests. the end 
the first test the fire tubes were covered hard 
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scale, and softer scale overlying hard scale had 
formed the sides the boiler. These scales were 
firmly adherent when the water had not been treated, 
but boilers which had received electrically treated 
water portion the scale had flaked off the metal 
could chipped off large pieces. The percent- 
age the total deposit classified “easily remov- 
was considerably higher the 
using water treated electrically than that using 
untreated water. 

the end Test hard scale had formed 
the tubes all the boilers and, Test there 
was softer scale the sides. The scale showed less 
tendency flake from the metal. Deposits the 
boilers were classified the way used Test and 
addition the times needed clean different parts 
the boilers down bare metal were recorded 
(Table The proportion deposit classified 
easy remove was about the same all three 
boilers, but the time taken remove solids com- 
pletely from the boilers which had received electri- 
cally treated water was longer than that required for 
the boiler receiving untreated water. The times taken 
were not proportion the proportion hard 
scale because, cleaning bare metal, thin scales 
were sometimes more difficult remove than thicker 
scales. 

Scale which had tendency flake from the metal 
was again found some parts the boilers after 
Test but there were large differences between the 
deposits found boilers which had received the 
same water. two boilers scale was much easier 
remove than the other two, but each pair included 
one boiler which had received treated water and one 


TABLE 
Results Analyses and Measurements Made Group Tests 


Test No... 


Boiler No... 1 2 4 1 3 4 1 | 2 | 3 4 

BVeight of water used (Ib.)..............4-- 32,872 22,582 | 32,796 33,554 33,646 33,549 | 31,592 31,649 31,323 31,564 
period 100 70* 100 1¢ 100 | 100 | 100 | 100 100 100 
| AVERAGE RESULTS OF ANALYSIS AND WEIGHTS OF WATER SUPPLIED TO BOILERS 


a | 


18 18 
12 13 13 13 13 
36 36 35 3 34 


AVERAGE RESULTS ANALYSIS BOILER WATER END TESTS AND ACCUMULATED BLOWDOWN WATER 
Parts per Million: | | | 
Ikalinity (as C 74 | 96 69 | 68 68 | 68 63 73 65 73 
Cay 1,360 1,310 1,302 975 1,010 1,025 | 863 860 890 | 1,010 
agnesium (as M | 68 | 76 | 68 72 69 | 69 66 69 76 | 91 
3,830 4,150 3,730 1,650 1,760 1,680 1,303 1,428 1,436 1,515 
ptal dissolved solids... ........ccceecee te | 14,200 | 14,426 13,260 7,320 7,840 7,500 6,100 6,170 6,000 
: PARTICULARS OF SOLIDS REMOVED FROM BOILERS AT END OF TESTS 
of solids collected 9-1 59 9-0 87 9-3 9-0 
ight of so is easily removable (Ib.)...... 1-1 3:2 8-2 | 61 7-0 | 68 
* Boiler \o, 2 was shut down because of an accident, and later restarted. 


: 
ikalinity (as | 205 | 206 202 207 205 = 560 | 270 
otal hardness (as CaCOs)... 274 276 265 109 105 | 114 
f Otal dissolved solide | 402 392 404 412 | 408 405 
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boiler which had received untreated water. The time 
taken clean one the boilers supplied with un- 
treated water was much longer than that needed 
for any the other three boilers. 


the end Test six samples deposit which 
had proved easy remove and seven samples which 
had proved difficult remove were analysed, with 
the results given Table II. The composition 
both types scale varied widely, and the difference 
between the average composition scale the two 
groups not statistically significant. 


Petrological examination, the Geological Survey 
and Museum, samples from Test showed that the 
main constituents the scales were anhydrite, 
aragonite, and calcite. Calcium carbonate scale 
from boilers fed with untreated water and with 
water treated direct current was predominantly 
the form aragonite; those boilers which had 
been supplied with water treated alternating cur- 
rent was predominantly calcite. was not possible 
correlate the presence any form any mineral 
with ease removal the deposit, except that 
where stout calcite crystals were present the scale 
was easy remove. 


Selected samples deposit collected during the 
third test were examined the X-ray diffraction 
method, identify the crystalline compounds pres- 
ent. Samples from both boilers receiving treated 
water, and from one boiler (No. receiving un- 
treated water, were composed mainly mixture 
calcium carbonate the form calcite and 
calcium sulfate the form anhydrite. Boiler 
No. the maximum thickness the scale was less 
than that the other boilers and the carbonate and 
sulfate were intimately mixed, whereas other 
scales they showed greater tendency deposited 
layers. The scale derived from Boiler No. (which 
also received untreated water) was markedly dif- 
ferent from that from the other boilers, the bulk 
the carbonate being the somewhat rare crystalline 
form known vaterite, and the major 
part the sulfate the form hemi-hydrate. 
though specific search for aragonite was made, 
was not identified any the samples examined. 

All samples scale contained, the surfaces next 
the metal, extremely thin hard black layers. These 
layers were composed mainly magnetite, and 
there little doubt that they were oxide scale from 
the surface the boiler tubes. Since practically the 
whole the scale which detached 

TABLE 


Comparison the Constituents Samples Scale, 
Classified According the Ease Their Removal From the Boiler 


Scale Removed With 
Difficulty (Average 
of 6 Samples) 


Ease (Average of 
7 Samples) 


DRY WEIGHT Highest} Mean} Lowest | Highest; Mean| Lowest 
Carbonate (as CaCOs)...| 68.3 57.3 51.1 73.9 55.9 39.8 
Sulphate (as CaSO«)..... 38.9 29.8 15.0 49.9 27.5 3.9 
Calcium (as 34.2 30.0 21.8 33.1 28.1 22.6 
Magnesium (as Mg)..... 5.0 2.1 0.4 54 | 3.5 | 1.6 
hydrochloric acid...... 5.3 2.4 0.8 6.9 3.5 0.6 
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tubes contained this layer intact, follows that the 
surface over which the fracture occurred lies beneath 
the surface the boiler tube, and the oxide layer 
weaker than the scale itself. This may, course 
have important bearing upon the ease 
the different scales. 


Conclusions from Group Tests 
will seen from Table that there were cop. 


siderable differences the results the three 


the average proportion loose scale sludge de. 


posited the boilers, that the difference due 


use the alternating current treatment without 
significance, Statistical analysis indicates 
apparent improvement due the use the 
current treatment also without significance, The 
general conclusion, therefore, that electrical treat. 
ment the feed water did not have any significant 


effect the ease removal the deposits the 


boiler. 


Group Tests 
Arrangements were made carry out experiments 
two boilers (Boilers and supplying steam 


vertical cross-tube type, and each had 


working pressure. this type boiler (Figure 
the combustion chamber completely enclosed 


the main boiler shell and the water tubes «re 
across the combustion 


nected diametrically 
The boilers were 


ft. high and ft. diameter, 
with one lower and two upper cross tubes, all 
diameter. the working level, each boiler held 
about 100 gallons water. some experiments 
third boiler (Boiler was also used. was supplied 


with water from the same source Boilers 


but was separate boiler house and served another 
canteen. was similar type Boilers and} 
but was smaller, having only one cross tube 
rated output 150 steam per hour 
per sq. in. working pressure. Water was supplied 


from overhead tank the boilers through 


arate pipes, water meters, intermediate supply 
automatically controlled feed pumps, and feed 
Boilers and were connected common 


main and were operated far possible under 
same conditions. They were load from 


a.m. p.m. each day, during which time the steam 
pressure varied over the range per 


Between p.m. and a.m. little steam was 


duced. During the steaming period, the boilers 
operated and all readings were taken the 
staff who normally operated the boilers. 


TABLE 


Average Proportion Loose Scale Sludge Deposited Boilers 
Group Tests 


Average Proportion Difference 
With Treated and 


TREATMENT Deposit 
FEED WATER (Percent) Untreated Water 
Alternating current............ 0.5 
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During each experiment the volume feed water 
each boiler was measured, and samples and 
the boiler water were collected intervals and 
results are given Tables and 
Water and sludge blown down ‘from the boilers were 
collected separate tanks. maintain far 
possible the same conditions each boiler, the 
concentration dissolved solids the boiler water 
was allowed rise each experiment about 
ppm (about 250 gr. per gal.) and was kept 
near this value blowing down. This object was 
not achieved the degree desired since considerable 
trouble was caused occasional failure the water 
level controller, leakage from the blowdown valves 
and other mishaps. Some indication the influence 
these factors given the particulars the last 
column Table showing the concentration 
dissolved solids the boiler water the end the 
tests. most experiments the volumes water 
supplied the boilers were approximately the 
though smaller, evaporated about the same 
water did each the other boilers. 


hat the 
beneath 
layer 


tests 
shows 
dge de- 
the 
hat the 
The 
nificant 
the 


the first two the seven experiments, at- 


was made compare the deposits from treated 


untreated water, operating one boiler with 
electrically treated water the same time the 
second boiler was receiving untreated water. Figure 2—Boilers used airport. 
. 
the same type that used Group TABLE 
osed was fitted the feed pipe Average Results Analysis Water Supplied Boilers Airport 
Boiler between the intermedi- 
supply tank and the feed pump. 
equipment that the effects test (days).. 
treatment are sometimes observed Parts per 
the supply pipes from the overhead 
tanks, TABLE 
ipes 
Total Volume Water Supplied Boilers During Tests, and Composition Boiler Water End Tests 
COMPOSITION BOILER WATER END TEST—(Parts per Million) 
Sq. 10 : Boiler (Gallons) | (as CaCOs) | (as CaCOs) (asCa) | (as Mg) (as SiOz) | (as Cl) | (as SOz2) | Solids 
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CORROSION 
tank were replaced rubber hose, and the two feed 
water and boiler systems were insulated from one 
another all points except the common steam main. 
The boiler and electrical unit were effectively earthed. 
The metal pipe between the electrical equipment and 
the boiler was cut two places and insulating material 
was inserted that, desired, electrical tests could 
made during the experiment. These insulated sections 
were, however, bridged banding wires giving elec- 
trical continuity between the electrical equipment and 
the boiler. 

The installation was inspected the makers the 
electrical equipment before the start the tests and, 
although they appreciated the reason for the unusual 
method connecting the equipment, they ex- 
pressed decided preference for the normal all-metal in- 
stallation. Because its possible effects the treatment, 
the insulation was completely replaced metal pipe 
and screwed connections before Experiment took 
place. These metal pipes now earthed the treatment 
unit and the boilers the water mains, and the sep- 
arate earth connection, necessitated the insulation, 
was removed. After Experiment when there was 
possibility interaction between the boilers, 
further experiments were made which one boiler 
received treated water the same time the other 
received untreated water. observe the type de- 
posit formed untreated water, Experiments 
and were made, which treatment was given 
the water supplied any the boilers. Boiler was 
included only Experiments and 

The feed water all the boilers was again treated 
the electrical equipment during Experiments 
and The makers the electrical equipment in- 
spected the installation before Experiment began, 
and tested the feed pipes for electrical continuity. 
Since the units had been out use for some time, 
and they were considered the makers not 
good order, they were replaced new ones which 
were fitted under the supervision the makers. 

Before the experiments began, 
existing scale was removed from the 
boilers chipping and scraping and 


NATIONAL ASSOCIATION CORROSION 


ENGINEERS 
was dried and weighed. Since much the 
the boiler could not reached the 
dislodge adherent scale, the second stage 
moval consisted treating the boiler with inhibiteg 
acid. The used acid was collected and its volume 
content calcium were determined. The proportion 
calcium the loose scale and sludge removed 
the first stage was also determined, and was 
possible compare the weight calcium deposited 
loose scale with the weight deposited 
scale. assumed that the composition the 
two types scale approximately the same (see 
Table then the weight calcium (expressed 
calcium carbonate) will give approximate measure 
the actual weight deposit the boilers. 

Details the nature the deposits the end 
each experiment are given Table and are 
discussed below. 


Experiments and (Boiler with treated water; 

Boiler with untreated 

the end Experiment layer fairly soft 
granular scale which was flaking away in_ places 
covered the interior both boilers. There was 
sludge and significant difference between the 
boilers. this experiment interim inspection was 

made after weeks’ steaming, and that time 
the flaking scale had started Boiler not 
Boiler 

Experiment the type deposit the two 
boilers was again similar, but was very 
from that Experiment Both boilers contained 
considerable amount soft sludge which settled 
the base, the firebox crown, and the 
The only scale observed was small patch near the 
feed-water inlet. 
were visible, and slight hollows were filled with fine 
sludge which could removed with soft brush. 


cross tubes 


Irregularities the metal 


TABLE 


Effect Treatment Feed Water with Direct Current Amount and 
Condition Scale and Studge Deposited Boilers 


using inhibited acid. theend 


each experiment the interiors 

the boilers were inspected 
thoroughly possible, photographs 
were taken, and samples deposit 
were collected. obtain some 


| 


| 
| 
| 


Boiler 


Weight of Calcium Proportion 
| (as CaCOs) (Ib.) | Removable 
Ad- cal 


In Loose 


Treatment Period of 
of Experiment 
Feed Water Days) 


| Treated 
| Untreated 


measure the amount scale 
formed the boilers and the pro- 


bho 


| 


| Trea ated 
Untreated 


portion which could removed eas- 
ily, each boiler was usually cleaned 
two stages. the first place, loose 
scale was dislodged light chip- 


b 


ntreated 
Untreated 
Untreated 
Untreated 
Untreated 


ping with steel bar and brush- 
ing with wire flue brush. The boil- 
was then hosed down, and flakes 
scale and sludge were washed and 
scraped from the mudholes into 
metal tray. After settling most 


ntreated 
Untreated 
Untreated 


‘Treated 
Treated 
Treated 
Treated | 
Treated | 


| 


| 


the water was run off and the solid 


* Total scale was estimated from the weight of solids supplied in the feed water, less the weig!it of solids 
removed in solution in the boiler water. 


Adherent scale was estimated by the difference. 
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The boilers were cleaned hand but the fine sludge 
was difficult collect and some may have been lost. 
was not necessary use acid clean the boilers 
after this experiment. 


During Experiment suspended sludge was pres- 
ent the water both boilers. the end the 
test, sludge and scale were found both boilers. 
There was more scale than sludge Boiler and 
more sludge than scale Boiler The scales 
both boilers were thinner, smoother, and more firmly 
adherent than Experiment 


the end Experiment (which was repeti- 


tion Experiment the interior Boiler was 


covered with rough granular scale, flaking over 
area, but there was sludge. Boilers 
contained thin hard adherent layer 
smooth scale and considerable amount sludge. 


During Experiment the water Boiler was 


but Boilers and contained suspended 
solids, sludge was discharged during blowdown. 
the end the experiment the deposit Boiler 


wholly the form scale which was thin, 
granular, and very loose, flaking away fairly large 


The deposit Boilers and was mainly 
the form sludge but there was also 
smooth adherent layer scale. 


the end Experiment most the interior 
the boilers was covered very thin, grey 
scale. horizontal surfaces the scale 
and whiter and might have been deposited first 


This type scale was fairly extensive 


Boiler all the boilers there was deposit 
sludge the furnace crown, the cross tubes, and 


the base the boiler. 


During Experiment the water Boiler con- 


tained solids suspension, but there was ab- 
turbidity the water Boiler Both 
boilers were shut down for three days one week 


before the end this experiment. When opened, the 


both boilers was covered thin, fairly 


hard layer scale. Boiler this was rough and 
composed small crystals, and from its appearance 
considered possible that included some ma- 


terial originally deposited sludge. This effect was 


not seen Boiler where the scale was granular 
and composed larger crystals than Boiler 


Some flaking had occurred both boilers and there 
Was deposit sludge Boiler but not Boiler 

The usual method cleaning the boilers with acid 
not used this case, and the amount 
total and adherent scale was estimated, difference, 


the total weight solids supplied the feed 


Water, solids accounted for easily removable scale, 
and solids present the blowdown and boiler waters. 

When the boilers were inspected the end 
each experiment, samples deposits were collected 
and them was examined the X-rav 
method. The only crystalline form 


TABLE 


Average Proportion Loose Scale Sludge 
the Deposits Boilers Airport 


PROPORTION DEPOSIT EASILY 
REMOVABLE (PERCENT) 


Untreated water.............. 33 57 78 54 
Difference between treated and | j 
untreated water............ +3 —: —3 —7 


calcium carbonate which could detected the 
samples was calcite, and the only difference between 
scale and sludge was the size the crystals. 


Conclusions from Group Tests 

The results Group tests show large variations 
the nature the deposits the same experiment 
and the same boiler different experiments. Par- 
ticulars the estimated weight calcium (as cal- 
cium carbonate) deposited loose scale sludge 
and adherent scale, and the proportion total 
deposit which was removed loose scale sludge 
each boiler the seven experiments are given 
Table VI. Average values for the proportion scale 
which was easily removable the experiments with 
treated and with untreated water are summarized 
Table VII. There were wide differences between the 
individual proportions both groups, and there 
statistical significance the difference between 
the average proportion easily removable scale 
boilers receiving treated and untreated waters. 
similar conclusion reached when the boilers are 
considered separately, although the average propor- 
tion easily removable scale individual boilers 
Boiler 


Summary and Conclusions 

Untreated hard water often used the make-up 
for low pressure boilers, and the hardness salts are 
deposited inside the boiler either scale sludge. 
Scale deposits are difficult and costly remove and 
various processes have therefore been evolved with 
the object causing the preferential formation 
sludge instead scale. 

Two types electrical equipment designed for 
this purpose have been tested jointly the Fuel 
Research Station and the Water Pollution Research 
Laboratory the Department Scientific and In- 
dustrial Research. The tests were carried out partly 
small experimental boilers made specially for the 
tests and partly small commercial boilers oper- 
ating under normal conditions. 

During both groups tests, marked differences 
were observed the quantity and nature the 
deposits. These differences not appear asso- 
ciated any way with the electrical treatment the 
feed water, and they are equally apparent whether 
electrical treatment used not. Presumably, they 
are due some other variable, the nature which 
not revealed the tests applied. This variable 


| 
: 
54 
57 
32 
63 
35 
72 
85 
47 
81 
we 
> 
q 


258 


elusive and track down would probably require 
very long investigation. 
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Aquastat Ltd., 
Romney House, 
Tufton Street, 
London, 


The Secretary, 
The Institution Water Engineers, 
Parliament Mansions, 
Abbey Orchard Street, S.W.1. 
Dear Sir, 
TREATMENT FEED WATERS 
the largest manufacturers electrical water 


pre-treatment plant prevent scale, were little 
disturbed read the paper this subject which 
appeared your issue November 1951 (vol. 
686), under the authorship Messrs. Hur- 
ley, Ingleson, Sparkes, and Wilkinson. 

The average reader could well infer that 
report based complete series experiments 
carried out the Department Scientific and In- 
dustrial Research addressed testing electrical 
water treatment plant accordance with the way 
which manufacturers such plant would recom- 
mend that the plant and the boilers should oper- 
ated. the case our particular apparatus, this 
not the case, and are sure that the authors would 
not like convey such impression. Thus, the 
tests described the authors, the boilers were not 
blown down until the total dissolved solids had 
reached prescribed value, and subsequent blowing 
down was arranged maintain the total dissolved 
solids that figure. 

ourselves recommend that each feed water 
should considered individually, and, the case 
the water supplied during the tests carried out 


28th July 1952. 


* Reprinted from J. Institution Water Eng., London, Vol. 7, 392-4 (1952) 
Oct. 
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the airport, our recommendations would 
from the time steam was first raised, the boiler 
should given small daily blow-down shor 
gulps with interval between each gulp, possible 
after the boiler had been quiescent for while, 
doing this, most the solids would have been 
moved from the boiler before they had had chance 
burn the heating surfaces. 

Whilst these most interesting experiments un- 
doubtedly show what can happen inside boilers op- 
erated the manner stated, they cannot taken 
any criterion what would have happened the 
boilers had been blown down the way which 
recommend. 

much regretted that time did not per- 
mit the Department make further experiments 
which blow-down was carried out the lines 
our recommendations, for many years 
have taught that the results then would have been 
very different indeed. 

express our great appreciation your cour- 
tesy publishing this letter. 

Yours faithfully, 
“AQUASTAT” LIMITED, 
Freeborn, 
Managing 


Department Scientific and Industrial Research, 
Fuel Research Station, 
Blackwell Lane, East Greenwich, 
London, 


The Editor, 

Journal the Institution Water Engineers. 

Dear Sir, 29th July 1952 
TREATMENT FEED WATERS 

have read with interest the letter you have re- 
ceived from Mr. Freeborn Aquastat 
about our paper published the November 1951 issue 
your Journal. 

agree with Mr. Freeborn that all our tests 
followed the practice blowing down prevent 
the concentration total dissolved solids the 
the water the boiler exceeding chosen value. 


Our experiments were designed test the effects 
electrical treatment without otherwise varying the 
method operation. methods blowing down 
different from those which used during our tests 
are adopted, would obviously necessary 
determine the effect the change the system 
blow-down, apart from, and addition to, the 
effect electrical treatment. This would involve 
further long series experiments. 

not claim that the results obtained 
necessarily apply conditions other 
the tests carried out described our 
Nor claim that our series tests, which had 
discontinued owing the pressure other 
work, covered all the possible variations such 
factors the composition the boiler feed 
and the type and method operation the boilers. 

Yours faithfully, 
Gwyn Hall, Neath, Glam. 
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Figure 1—Portion Kure Beach, C., test 
site 800 feet from ocean. (Courtesy Interna- 
tional Nickel Co., Inc.) 


Corrosion Resistance 
High-Strength Low-Alloy 
Influenced Composition and Environment* 


LARRABEE* 


Introduction 


INCE the commercial introduction steels desig- 

nated different manufacturers high-strength 
low-alloy steel, high-tensile steel and high-tensile 
low-alloy steel, much has been written concerning 
the corrosion resistance these 
group, these steels are characterized yield point 
about times that structural carbon steel and 
many them, some incorrectly, have been described 
their manufacturers having “four six times 
the corrosion resistance ordinary steels.” order 
that the many factors affecting corrosion resistance 
may more thoroughly understood and also 
order that more the quantitative data available 
this subject may conveniently accessible, infor- 
mation the comparative corrosion resistance 
many these materials different natural media 
has been assembled and discussion has been pre- 
pared describe the limits within which such data 
are applicable. 

The corrosion steels function both en- 
and composition. The environments herein 
considered are various atmospheres, natural waters, 
and soils. The compositions considered are mostly 
those commercial steels, but those few ex- 
perimental heats are also included. 


& Submitted for publication March 24, 1953. 
* Research Technologist. Research and Development Laboratory, 
United States Steel Corp., Vandergrift, Pa. 
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Abstract 


The corrosion resistances several high-strength 
low-alloy steels various atmospheres, natural 
waters and soil are compared with those struc- 
tural copper steel and structural carbon steel the 
same environments. The effects the many variables 
that influence the corrosion these steels the dif- 
ferent media are fully References. 


Atmospheric Corrosion 

Effect Location 

considerable amount quantitative data has 
been from corrosion tests industrial 
atmospheres, but extensive tests marine atmos- 
been made only since 1940. Kure 
Beach, North Carolina, located what probably 
the most extensive marine-atmosphere test site 
the world, portion which shown Figure 


Data from tests both industrial and marine 
atmospheres reveal that very great differences 
corrosivity can exist locations only few miles 
apart, or—in some extreme cases—only few hun- 
dred feet apart. the industrial atmosphere 
Altoona, Pennsylvania, for example, the average 
first rust” sheets galvanized steel 
having coating 1.25 oz/sq and sheets 
having coating 1.50 was 2.4 and 3.0 
years, whereas State College, Penn- 
sylvania (about miles northeast), the comparable 
figures were 14.6 and 17.0 The average num- 
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Figure 2—Time-Corrosion curves two steels exposed industrial 
atmosphere Kearny, Effect exposing steels the atmosphere 
various times. (Compositions Table 


TABLE 


Compositions Steels Exposed the Industrial Atmosphere 
Kearny, Various Times—Percent 


Indentification | Cc 
High-Strength Low- 

Alloy Steel...... 0.09 
Low-Carbon Steel..| 0.04 


ber years before was visible 
duplicate uncoated sheets the same two locations 
was 4.3 and 24.0 years, respectively. 

found even more striking differences 
corrosion rates test specimens adjacent loca- 
tions. states that pieces open-hearth iron (low- 
metalloid steel) Kure Beach lost eight times 
much weight when exposed about feet from the 
ocean when exposed the nearby location shown 
Figure which 800 feet from the ocean. The 
80-foot location over five times corrosive 
open-hearth iron the most severely corrosive 
industrial atmosphere recorded cooperative sur- 
vey locations throughout the 
also advises that after months exposure Texas, 
specimens open-hearth iron three locations—the 


first miles inland, the second the shore 
bay and the third two miles inland from the 
but the center chemical plant—corroded 
the ratios 1:2:26, respectively. 


The above examples illustrate the tremendoys 
effect that local atmospheric contamination can haye 
corrosion rates and the large difference 
that may exist within comparatively 
area. 


Effect Initial Climatic Conditions 
and Method Exposure 


Major differences have been reported® the cor- 
rosion rates steel specimens that were exposed 
the same test site successive two-month intervals, 
addition, the time-corrosion curves low-carbon 
steel specimens (0.05 percent copper) exposed the 
same location are markedly -different according 
whether the original exposure was the spring 
fall the same year whether the original exposure 
was the same season different years (Figure 2), 
These differences are not marked for the high- 
strength low-alloy steels. The compositions the 
steels tested are given Table The same 
carbon steel has been used many other tests 
Kearny, J., the results which are not shown 
because the curves lie between the extremes those 
shown Figure 


probable that the weather conditions im- 
mediately after exposure greatly influence the 
atmospheric-corrosion rate steel, they 
enced the corrosion the zinc specimens reported 
states that for duplicate sets speci- 
mens originally exposed within several days one 
another, differences the type weather during 
the first few days each exposure made 
percent difference the respective amounts corro- 
sion that occurred during the following year. 

1916, Sub-Committee III Committee 
ASTM, decided test uncoated steel sheets 
angle degrees the horizontal facing 
south. With the exception paint tests, this proce- 


Figure 3—Cleaned groundward surfaces five 6-inch specimens structural carbon steel which had been exposed one above another 
degree rack marine atmosphere. No. was uppermost. 
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€ BOT TOM OF COLUMN 
en ous 4 5 
Figure 4—Shelter test rack. -LOW-CARBON STEEL 
q 
dure has been followed for most 
or : 
= 
ring Figure 5—Effect amount shelter and Figure 6—Time-corrosion curve. Specimens ex- 
1931. direction exposure corrosion carbon tunnels and industrial atmosphere. 
that verti- after exposures marine atmosphere for (Compositions Table 
ests Industrial Atmosphere—Percent 
shown when the specimens are exposed vertically than when 
s | zontal. This may be caused by the fact that a slight a® es es | 0.11 | 0.39 0.13 | aa 0.66 0.36 0.08 | 1.0 
the the specimen and reduces the amount washing High-Strength Low-Alloy Steel. 
influ- which that surface receives from rain. The impor- 
tance this sheltering effect should not under- Examination specimens removed after four 
has been that for steel speci- years’ exposure the semi-rural test site showed 
one mens exposed degrees the horizontal that there were only relatively small weight-loss 
industrial and semi-rural atmospheres, the ratio variations that could attributed the ditferences 
the losses the skyward and groundward amount shelter and direction exposure. Sim- 
about The smaller loss the effects were shown each type steel ex- 
posed—low-carbon steel, copper steel and 
faci results are summarized the tollowing table. 
ratio may vary considerably according the 
exact conditions encountered. Figure are shown 


the cleaned groundward surfaces five specimens 
structural steel (0.02 percent Cu) after two years 
one above another degree rack 
from the number pits that the amount sea 
spray from the east that was deposited 
groundward side the specimens increased with 
the height the specimens above the ground. Only 
steels with low residual-copper content have shown 
this phenomenon. Corrosion the skyward surfaces 
relatively mild and uniform because sea spray 
the skyward surface was washed off 
obtain more information the effect 
test mounted vertically 
perpendicular rows five specimens each 
shown Figure The upper two specimens were 
from rain. 1944, specimens were 
facing north, east, south and west 
test site near South Bend, Pa., and 
the lot feet from the ocean Kure Beach. 


Results Semi-Rural Test Site 
Effect Shelter 


Practically effect shelter. 


Direction Exposure 


The two bottom specimens were 
about percent more corroded than 
those the other three positions. 


North 


The two bottom specimens were 
about percent corroded than 
those the other three positions. 


South West 


The two bottom specimens facing south west 
received more sunlight than did those facing north; 
this greater amount sunlight must have resulted 
more protective rust film the former. The 
specimens that were exposed southward this 
vertical rack had from 100 percent higher 
corrosion losses than duplicate specimens that were 
exposed southward degrees the horizontal 
regular test racks. 

the marine atmosphere Kure Beach the re- 


~ 
. 


262 CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


sults were very different. The results this test 
are summarized the following table. 


Results Marine-Atmosphere Test Site 


Direction Exposure Effect Shelter 


East The specimen located position two 
(next the top specimen ver- 
tical row) lost from 150 250 per- 
cent more weight than the specimens 
positions four and five, the spe- 
cimen degrees the horizontal. 
The top specimen, and that the 
third position, lost from 100 
percent more weight than those 
positions four and five. 


The specimen position 
about percent more weight than 
those positions four and five. 


North South 


West All losses were within percent 
average for all five vertical posi- 
tions. 


This extreme variation believed have been 
caused more sea water having been deposited 
the specimens facing east (toward the ocean) 
hurricane-force winds during the first few months 
exposure than was deposited the specimens 
facing north south. The specimens facing west 
received the least sea-water spray. The losses 
the two bottom specimens were 
lowest because the salt was 
washed from the rust rain. 
Data from similar test begun 
the same site 1949 not 
show such extreme variations; 


CARBON 


Exposed 


mens periodically became dry. For when these three 
steels remain continuously moist, especially with 
low pH, the superior resistance exhibited the 
high-strength low-alloy steels open exposures 
not observed. 


For example, tests were made 
steel, copper steel and high-strength 
steel one railroad tunnel with continuously wet 
walls, second tunnel with dry walls and the 
The compositions the steels are given Table 
The rust films formed the wet tunnel were 
parently not protective those formed during 
similar period time steels fully exposed the 
atmosphere. Consequently, seen Figure the 
corrosion rates the three steels the wet tunnel 
are nearly linear and exhibit little tendency de. 
crease the rates the steels the top the 
building. Furthermore, the high-strength low-alloy 
steel does not show great superiority 
sion resistance over that copper steel and 
carbon steel when exposed the tunnels when 
fully exposed the out-door atmosphere (roof 
building) fact, the copper steel lost less weight 
the wet tunnel than did the high-strength 
alloy steel. The atmosphere the wet tunnel 
severely corrosive that after one year exposure, 


STEEL HIGH-STRENGTH, the 
LOW-ALLOY STEEL 
years Exposed 1.5 years 


moreover, the losses the shel- 
tered specimens are less than the 
average loss the five vertically 
exposed specimens. The losses 
the five specimens exposed 
degrees the horizontal (photo- 
graphs Figure are greater 
than any those the five verti- 
cally exposed specimens. the 
test described above, this proba- 
bly because the sea-water spray 
the groundward sides the for- 
mer greatly accelerated the attack. 
The 1944 and 1949 tests results 


summarized Figure illustrate 
the very great differences that can 
caused changes climatic 
conditions even the same test 
site. 


Effect Continuously 
Moist Conditions 


steels exposed tunnels 


the previously described shel- 
ter tests the high-strength low- 
alloy steel consistently lost less 
weight than either the low-carbon 
steel the copper steel, probably 
because the rust films all speci- 


Figure 7—Actual size photographs rusts carbon steel (left) and high-strength 
steel (right) after 1.5 and years’ exposure industrial atmosphere. 


cel 
La 
bec 
son 
per 
suc 
tor’ 
4 
blis 


three 
water 
the 


v-Carbon 
isly wet 
the 
vere ap- 


during 


the 
the 
tunnel 


the 
(roof 
‘th low- 
nel was 


loss weight the high-strength low-alloy steel 


was more than times that the same steel ex- 


posed the roof. 


steels used roofing sheets 


Studies have also been made the effect con- 
moist conditions the corrosion sev- 
eral roofs made uncoated corrugated sheets 
high-strength low-alloy steel, copper steel and 
carbon steel. After several years service the faying 
surfaces many these sheets had been corroded 
much that little metal remained; the ac- 
celerated attack ascribed the author con- 
densation draining down the inside the roof into 
the lapped joints the ends and sides the sheets. 
Laps roofing sheets, therefore, should well 
protected suitable paints. Corrosion these areas 
particularly severe many industrial buildings 
because the condensation the inside the roofs 
sometimes contains sulfur fumes, which will rapidly 
surfaces that remain wet large 
the time. The rust films formed under 
such conditions are not nearly protective those 
formed areas fully exposed the atmosphere. 


detailed discussion the preparation the 


surface and the properties various paints 


beyond the scope this paper. However, per- 
tinent this discussion mention the fact that 


life paint system steel depends the 


resistance the steel. Most paints are 
somewhat permeable moisture and the resultant 
sufficiently voluminous, the paint film will 
and finally broken. The nature the rust 


that forms the steels is, therefore, important 


the life paint film, especially areas such 


faying surfaces where repainting cannot done. 


The rust formed carbon steel during the first 


months exposure much more voluminous than 


rust formed high-strength low-alloy steel 
similar conditions (Figure 7). interest 


note that upon much longer exposures similar 


. 
unpainted steels, the differences appearance are 
not great because the loose rust particles have 


important know the fundamental reasons 
why certain steels exhibit superior atmospheric- 
resistance, because the differences this 
resistance are often such magnitude that the more 


removed action wind and rain. 


steels have important advantages. Since 
work and the early publica- 
and the results the ASTM 


has been generally acknowledged that carbon 
containing 0.2 percent more copper has from 
times the atmospheric-corrosion resistance 


similar steel containing only 0.01 0.02 percent 
copper. The greatest differences corrosion 


are found the more severe industrial and 


atmospheres and the smallest differences are 


moderate marine and rural atmospheres. 


the development the high-strength low-alloy 


the early 1930’s, the superior atmospheric- 
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corrosion resistance these steels over that copper 
steel has been extensively 


Only little experimental work has been done 
investigating the fundamental reasons underlying 
this observed superiority atmospheric-corrosion 
resistance. However, extensive field tests indicate 
close relation between the corrosion resistance and 
the composition given steel. ascribed 
the superiority corrosion resistance copper 
steels over low-residual-copper steels the presence 
copper sulfide rather than ferrous sulfide the 
steel, and Buck’s theory has been substantiated 
the writer. Four low-metalloid irons having various 
sulfur and copper contents, shown below were 
exposed industrial atmosphere. 


Per Cent 
Iron 
0.000 0.000 
0.000 0.2 
0.03 0.2 
0.03 0.01 


was found that irons and lost nearly equal 
amounts weight, whereas the loss (with 
more sulfur than copper) was measurably greater. 
Thus, evident that the presence copper 
importance the atmospheric-corrosion resistance 
iron only sulfur present. 

Copson*! ascribes the superiority corrosion re- 
sistance high-strength low-alloy steels over copper 
steels the clogging the pores the rust films 
the former with such corrosion products chro- 


STRUC. CARBON STEEL 
S SPECIMENS 1/4- 346-18 
1/32 INCH THICK 


KE STRUC COPPER STEEL 
S SPECIMENS - 3/16 - 1/8 
1/32 INCH THICK 


CR-Si-cu-P STEEL 
%o SPECIMENS 
16 @& 1/32 INCH THICK 


CALCULATED AVERAGE REDUCTION OF THICKNESS-MILS 


TIME - YEARS 


Figure 8—Comparative corrosion steels varying thicknesses. Indus- 

trial atmosphere, Kearny, Shaded areas both sides “average 

curve” show range losses the specimens. (Compositions 
Table 


TABLE 


Compositions Steels Various Thicknesses Test Industrial 
Atmosphere Kearny, J.—Percent 


Indentification | Cc 


* A High-Strength Low-Alloy Steel. 


QWs 
° i 2 3 4 5 7 10 
R............} 0.18 | 0.49 | 0.024) 0.034) 0.025} 0.32 | 0.02 | 0.02 
S.............| 0.17 | 0.57 | 0.019) 0.05 | 0.043; 0.05 | 0.02 | 0.02 
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TIME YEARS Figure 11—Time-corrosion curves steels marine atmosphere Kure rus 
Beach, Exposed Dec. 13, 1940. and are carbon and copper 
Figure curves three steels marine and steels, respectively. Others are high-strength, 
mium sulfate and nickel sulfate, both which are 
more insoluble than iron sulfate. This clogging 
prevent water from reaching the surface the sio 
metal. Copson further states that this may not 
the complete explanation, since does not explain 
the improvement atmospheric-corrosion resistance 
that realized when the steels contain than rat 
improvement especially marked when the 
contains 0.1 percent more copper. 
More satisfactory explanations must await further 
study rust films. Differences the appearance 
the rust films copper steels and steels with low 
residual-copper contents have been noted many, 
including Committee A-5 the ASTM.” 
ately adjacent the metal that determines how 
structural steels, respectively. Others are high-strength, low-alloy steels. this extremely thin film itself, however, 
(Compositions Table IV.) plicated the difficulty isolating the sor 
remainder the rust film. 
The nature the rust film 
(See Figures and 11) the steel exposed and the 
0.21 0.03 thickness calculated from the 
0.08 
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1 Numerals in these columns show the number of different heats of steel used to represent that particular eae SIX 
type. In all cases the differences in compositions between steels in any one group are negligible. grade of steel. The comp sitions 
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noted Figure that the deviation any one speci- 
men from the mean value for each material rela- 
tively small; any possible effect specimen thickness 
negligible compared the effect composition. 

many steels, the rust film developed during the 
frst few years exposure industrial atmos- 
phere more protective than the film developed 
marine atmosphere. This illustrated com- 
the time-corrosion curves Figure 
corrosion rates for all three materials the 
industrial atmosphere decrease markedly after 
exposure one two years, shown the flat- 
ness their time-corrosion curves (Figures and 9), 
whereas the formation rust has less effect the 


corrosion rates carbon steel and even copper 


the marine atmosphere (Figure 9). The 
the high-strength low-alloy steel, however, 
marine atmosphere but not the same extent 
the industrial atmosphere. 


The atinospheric-corrosion resistances group 
steels exposed simultaneously one location de- 
the compositions the steels. Time-corro- 
sion curves covering many steels for exposure periods 
six years industrial atmosphere have been 
Additional data obtained after exposures 
11% years are accordance with the corrosion 
established the 3-year and the 6-year ex- 
(Figure 10. Compositions Table IV). 
these data the effect steel composition 
rates evident. Many these same com- 
mercial steels have been tested marine atmospheres 
the results are given Figure (compositions 
Table 

The high-strength low-alloy steels included 
these early tests (Figures and 11) were produced 
1938. Since then, similar types steel other 
have been developed. Their rates 
which may compared with those 
the materials used the early tests, are 
Figures and 13. The compositions 
these products, given Table show them 
similar those Table with the same 
letter identification. From Figures 13, evi- 
that general, the slope (corrosion rate 
one time) the time-corrosion curve for 
atmosphere after about 3.5 years function 
the loss 3.5 years—the greater the loss, the 
the slope. Thus, the longer the exposure, the 
greater will the difference the amounts 
corrosion the various steels. This also illustrated 
Figure 14. The negligible corrosion rate the 


low-alloy steel subsequent ex- 
one year the severe industrial atmos- 
Kearny well illustrated calculations 
pmade from the data Figure 14: For the period 
between and years, the total decrease thick- 
this material was only 0.0008 inch (calculated 

Figure are shown the losses thickness 
commercial steels after 3.5 years exposure 


four locations having different types 
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CALCULATED AVERAGE REDUCTION OF THICKNESS-MILS 
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Figure 12—Time-corrosion curves steels industrial atmosphere 

Kearny, Exposed Oct. 29, and are copper and carbon 

structural steels, respectively. Others are high-strength, low-alloy steels. 
(Compositions Table V.) 
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Figure 13—Time-corrosion curves steels marine atmosphere 

Kure Beach, Exposed Nov. 14, 1942. and are copper and 

carbon structura! steels, respectively. Others are high-strength, low- 
alloy steels. (Compositions Table V.) 


TABLE 


Compositions Steels Exposed Kearny and Kure Beach—Per- 


cent (See Figures and 13) 
Indentification | C Mn | P| S | St | Cu Ni | Cr 

| | 


* High-Strength Low Alloy Steels. 
+ Structural Carbon and Structural Copper Steels. 


atmospheres. The most resistant steel (Cor-Ten 
brand steel) lost about twice much the most 
corrosive location the least corrosive. Struc- 
tural carbon steel, however, lost about four times 
much the marine the industrial atmosphere 
the rural locations. Some these steels were more 
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Figure 14—Time-corrosion curves three steels industrial atmosphere, 
Kearny, 
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Figure corrosion six steels four atmospheres, 3.5 
years’ exposure, (Compositions Table VI.) 


TABLE 


Compositions Steels Exposed Marine, Industrial Semi-Rural, 
and Rural Atmospheres—Percent 


Steel 
Material | Ss 


Cor-Ten | | 

Brand.... 0.028 
SAE 2315... De 0.022 
Aldecor..... 0.029 
Tri-Ten | | 

Brand... . 0.024) 0.18 

Copper... 0.034) 0.003 
Structural | 
Carbon... 0.017) 0.003 


resistant the marine than the industrial atmos- 
phere, while with others the opposite was true. 

shown Figures and 13, the corrosion rates 
the structural carbon steels will probably increase 
upon longer exposure marine atmospheres. The 
increase corrosion rates this class material 


ASSOCIATION CORROSION ENGINEERS 


3.5 YEARS 


AVERAGE REDUCTION 
THICKNESS 


oO nN O @ 


CHROMIUM PER CENT 


Figure 16—Atmospheric corrosion. Effect increasing chromium, 
years. 


(material having low-residual alloying elements, 
cluding copper) the only instance that has been 
noted increase corrosion rates with time. 
previously mentioned, probably caused the 
accumulation sea salt the groundward side 
the specimens. 


Voluminous data could presented concerning 
the effect small amounts copper, 
and other alloying elements the 
corrosion resistance steel but one example (pre 
sented Figure 16) will suffice for the present pur- 
poses. the industrial atmosphere, the losses 
weight steels containing 0.01 percent and 0.05 
cent copper increase with increasing chromium con- 
tent 0.7 percent chromium, whereas 
marine atmosphere the presence this amount 
chromium results decrease the losses 
weight. This behavior remains unexplained. When 
0.1 percent more copper present the 
this peculiar effect chromium not evident. 

Experimental results such these have led 
the accepted procedure determining the corrosion 
resistance each type steel actual long-time 
exposure tests various atmospheres. Statements 
concerning the atmospheric-corrosion resistance 
steels should confined comparisons based upo 
data obtained from simultaneous exposures all 
steels involved and the conditions the exposures 
should specified. 


Corrosion Waters 


the corrosion steel waters influenced many 
factors such the presence the water 
gases metals, chlorides sulfates, 
matter with without bacterial action. als 
influenced the acidity alkalinity, hardness, 
perature, rate flow the water; the 
corrosion products; stray currents; 
presence mill scale the steel and 
the composition the steel. many natural 
the corrosion steels direct function 
oxygen content the water. 

not the purpose this paper discuss 
the above factors, but all have bearing 
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mersion 
the Allegheny and the Mis- 
with the cooperation 
the Department the Army, 
VII; compositions the 
materials tested are shown Table 
Six grades steel were used 
these tests. The data show that 
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amount and type (general pit- 


ting) attack. natural waters 
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TABLE 


Corrosion Steels River Waters 
Corrosion Rates and Pit-Depth Data 


the combined effect all factors 


can determined only time- 
consuming test. Such test nec- 
essary accumulate reliable data 


1- Year Exposure 2-Year Exposure 


Max. Pit 
Mils 


4-Year Exposure 


Average 
Mils/Yr. 


Average 


Average 
Mils/Yr. 


Max. Pit 
Mils Mils/Yr. 
| 


use forecasting results 
service installations. 

has been stated LaQue? 
and also that signifi- 
cant improvement the corrosion 
resistance submerged steels 


Cor-Ten Brand! 
Tri-Ten Brand? 
Man-Ten Brand? 


Structural Copper! 
Structural Carbon! 


onongahela River—Charleroi, Pa. 


8 
13 
16 
13 
12 


23 


more likely result 
mium than from most the other 
commonly used alloying elements 
steels. Substantiating data will 
discussed later. 


Cor-Ten Brand! 
Tri-Ten Brand? 
Man-Ten Brand? 
Structural Silicon? 
Structural Copper! 
Structural Carbon! 


Allegheny River—Kittanning, Pa. 


summary the results im- 


Tri-Ten Brand? 
Man-Ten Brand? 
Structural Silicon? 
Structural Copper! 
Structural Carbon 


Mississippi River—Winfield, Mo. 


| 
8 


1 
1 | 


ip 


river. 


river the average corrosion 
rates decrease with time. The Mo- 


nongahela River water has 


! Corrosion rates averaged from results of exposure of a foot-square specimen from each of three heats. 
Maximum pit is that found by examination of 6 square feet of surface. 

2 Corrosion rates averaged from results of exposure of a foot-square specimen from each of two heats. 
Maximum pit is that found by examination of 4 square feet of surface. . 

3 Specimens placed in the nearly stagnant water in a compartment of a dam. 
steel and structural carbon steel corroded at twice the rates given herein when the exposure was in the open 


Specimens of Cor-Ten 


TABLE 


Typical Compositions Steels Tests Three Rivers 


3.5 4.0, which explains the 


rates attack. The contami- 
nant largely ferric sulfate, which 
from coal-mine drainage. 


Cor-Ten 
alloy steel this river com- 


Identi- 
fication 


Whether the superiority shown 
high-strength low- 


Cor-Ten Brand 
Tri-Ten Brand 
Man-Ten Brand 
Structural Silicon. . 
Structural Copper 
Structural Carbon 


PERCENT 


Ni | Cr 
| 0.026 


0.53 
0.028 0.18 
| 


0.88 
| 0.05 
0.024 

| 0.028 
0.026 
0.034 


0.035 


0.45 


0.40 0.032 


mercial significance being deter- 

mined comparison the service life and mainte- 
nance costs three coal barges made Cor-Ten steel, 
similar barges made structural copper steel. 
The superior resistance this same high-strength low- 
alloy steel the water found one coal mine has been 
previously however, when the concentration 
ferric sulfate, was high occurs some mines 


during periods low rainfall, the corrosion even 
this material was observed severe. 

the Allegheny River the corrosion losses the 
steels were not dependent composition 
they were the Monongahela. The decrease 
average corrosion rate with time, while not 
marked the Monongahela River, still signifi- 
cant. The maximum depth pits (measured with 
gage the corroded surfaces) nearly 
twice great the Allégheny the Mononga- 
hela River, possibly because the lower degree 
turbulence the former was more conducive the 
oxygen-concentration cells. 

the Mississippi River, specimens were immersed 
dam where the water was 
nearly stagnant. The low oxygen content the 
Water responsible for the much lower average 


TABLE 
Corrosion Rates Steels Sea Water 


Average Penetration, 
| Mils per Year—Each Surface 
| Years Exposure 


Cor-Ten Brand. } | 


| 


COMPOSITIONS—PERCENT 


0.41 0.49 


| 
0.31 
5} 0.81 | 

Structural | } 
0.012) 


Carbon... | 


0.032 


corrosion rate here than the other two rivers. This 
was shown 1.5-year test which three speci- 
mens Cor-Ten steel and three structural carbon 
steel were exposed the compartment well 
nearby free-flowing water. The rates the free- 
flowing water were about twice those the com- 


STEEL Mils 
| 4.1 19 3.5 29 
| | | | 
4.3 3.8 
3.8 3.0 
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TABLE 
Results Corrosion Tests Panama Canal Zone’ 
Average Corrosion Rates Calculated From Losses Weight and Deepest Pit Measured Pit-Depth Gage 


SEA WATER 
Mean Tide 


Mils per Year 


DESIGNATION Yrs. 


1-S L-A Steel A* 
H-S L-A Steel B®... ......... 
H-S L-A Steel C* 

H-S L-A Steel D* 

H-S L-A Steel E* 

H-S L-A Steel F* 

H-S L-A Steel G* 

H-S L-A Steel H* 

Wrought Iron 

3% Percent Ni Alloy Steel... . 
3% Percent Cr Alloy Steel.... 
18-8 Mo-Cb 

Str. Copper Stee 

Str. Carbon Steel (C 1020). 


BRACKISH WATER FRESH WATER 
Continuous Immersion Continuous Immersion 


Corrosion Rate, POR Pit, Corrosion Rate, Corrosion Rate, Deepest Pit, 
Mils per Year Ail Mils per Year Mils ° 


| 


Average 


o 


1 Compositions in Table XI. 
2 Not included in average. 


partment; thus, for the Mississippi 


M Missing. 
* H-S L-A indicates high-strength low-alloy steel. 


TABLE 


River the values Table VII are Compositions Materials Exposed the Panama Canal Zone Corrosion Test 


about half those that would have 

been obtained the test had been 
DESIGNATION 

made free-flowing water. Be- 
H-S L-A Steel 


H-S L-A Steel 


free-flowing water the location Steel 


originally selected the Steel G*. 


H-S L-A Steel H*........... 


sippi River. Wrought Iron 


3% Percent Ni Alloy Steel... 
3% Percent Cr Alloy Steel... 


18-8 Mo-Cb 
2. S ea Water Str. Copper Steel 


Str. Carbon Steel (C 1020)... 


PERCENT 


0.10 
0.09 Zr 
2. 8 Slag 


0.65 


know whether the corrosion rates * H-S L-A indicates high-strength low-alloy steel. 


steels exposed sea water de- 

crease with time they the atmosphere and 
lesser extent fresh waters. From results 
tests which specimens were removed from sea 
water after and 15-year has been 
postulated that during these exposure periods the 
attack structural steels was essentially linear. 
These tests were made four widely separated 
locations: Plymouth, England; Halifax, Nova Scotia; 
Colombo, Ceylon, and Auckland, New Zealand. 

test several steels immersed sea water 
Kure Beach, C., slight decrease corrosion 
rates with time was found for most grades when the 
1.5, 2.5 and 4.5 years (Table IX). From the above 
two tests appears that slight decrease corro- 
sion rate occurs during the first few years after 
which the average corrosion rates most steels 
sea water will constant and will amount about 
mils per year. 

Extensive immersion tests many steels have 
been made the Canal Test specimens 
inch inches were exposed the tidal 
zone sea water and were also continuously im- 
mersed brackish water and fresh water. Speci- 
mens were removed after exposure times 
and years. Some results, including those obtained 
specimens several high-strength 
steels, are given Table and the compositions 


the steels are given Table XI. seen 
Table that during five years exposure 
brackish water, the average corrosion varied from 
mils per year. fresh water the calculated 
rates were lower, 1.e., mils per year. sea 
water (mean-tide position), the corrosion rates varied 
from mils per year. explanation given 
why the total average loss during three years 
exposure the mean-tide zone was the same 
during the 5-year exposure period. Results longer 
exposures will awaited with interest. This 
alous behavior was also found with some the 
materials brackish water. the fresh water 
Gatun Lake rates during five years are about the 
same order the corrosion rates the 
River, Table 

state that the presence chromium increases the 
corrosion resistance steels water. This 
ment has been substantiated the tests Kure 
Beach and the Canal Zone, where was found 
decrease the rates attack when the steels are 
mersed sea, brackish fresh waters. 
the increased cost such steels could justified 
sufficiently longer service life open 
interest that the Canal Zone test 
tide position, Table the corrosion the per 
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i | | 27 92 68 13 13 30 | 357 | 69 fres 
i? | | | 
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0.10 
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concentration cells are probably responsible for most 
pits, certain steels appear have more resistance 
than does structural steel. reports 
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cent chromium steel was the highest steels 
the test; but brackish and fresh waters, its corro- 


was the lowest any material except 18-8 
Mo-Cb. 


Pitting one the important phenomena cor- 
Although local oxygen- 


that after two years exposure aerated Pitts- 
pitted less than any the other steels tested. 
seen that after three years exposure 
(considered because many specimens were missing 
five years exposure) both brackish and 
waters, the 314 percent chromium steel pitted 
than any other material except the stain- 
grade. sea water (mean-tide position), how- 
this was not true. this Canal Zone test, the 


ratio the depth the deepest pit the calculated 


attack higher than that for specimens 
the United States, possibly because the 
average temperature the water the Canal 
accentuated the cause the localized pitting. 


comparisons pitting fresh water, sea 
and brackish water (Table found 
that pitting the deepest the latter two 
water. The presence certain types 
organisms may account for the greater prev- 
small areas that are anodic the much 
surrounding areas, which would account for 
pitting attack such waters. From the 
appears evident that the composition 
water, particularly its oxygen content local 
plays major part the pitting all steels. 

When chemicals are added water, certain 
industrial applications, predictions can made 
the probable relative corrosion resistance 
grades steel used for equipment. test 
service conditions the only method which 
practicable distinction can made and the 
the test should such permit all the 
influence the final result. 


Contact Structural Carbon Steel 
With High-Strength Low-Alloy Steel 


When two dissimilar metals such copper and 
are electrical contact and immersed 
galvanic cell formed. The resulting 
flow will cause the anodic metal corrode 
than would when exposed separately the 
environment. When some high-strength low- 
stee's are contact sea water with equal 
structural carbon steel. the resulting flow 
will “protect” the high-strength low- 
the anode much larger than the 
nearly complete protection the cathode 
this principle the use nickel-steel rivets 
carbon-steel ship plates (anode) im- 


The lower conductivity fresh waters diminishes 
galvanic current. the tests reported 
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Table VII, riveted couples Cor-Ten steel and 
structural carbon steel were also exposed. the 
Monongahela River, the Cor-Ten steel was protected 
some extent. the Mississippi, there was 
appreciable effect. the Allegheny, the flow 
current must have been reversed because the struc- 
tural steel was protected some extent and the 
Cor-Ten steel contact with the structural steel 
was corroded more than Cor-Ten steel exposed alone. 

Tests have shown that corrosion rates 
obtained continuously immersed specimens are 
not applicable steel structures that are exposed 
alternately both air and sea water. Humble 
reported that steel surfaces immediately below low- 
tide zone were anodic that portion the same 
steel the tidal zone. This results accelerated 
attack the steel immediately below the low-tide 
zone and partial protection the surface the 
tidal zone. Because this effect, the data obtained 
exposure specimens the tidal zone only (as 
Table would value for estimating the 
probable attack the tidal-zone section steel 
structure such piling. 


Corrosion Soils 


Many tests have been made the National 
reau burying specimens various 
grades steel soils many different locations. 
date, total about 125 test sites have been 
used. The results show that the type soil 
much greater importance determining the severity 
corrosion than are the slight differences com- 
position between the carbon steels and the high- 
strength low-alloy steels. Both types steel behave 
about the same within the limits reproducibility 
the tests. 

has been that oxygen-concentration cells 
are important factor the pitting type attack 
that frequently occurs steels buried soils. All 
the data from soil-corrosion tests and most the 
observations from practical experiences 
corrosion have been obtained from specimens 
structures placed excavation that was then 
refilled with soil. The mixing the various layers 
soil during the refilling process probably affected 
the oxygen content the fill and may account for 
some the pitting attack. The corrosive conditions 
adjacent the steel when driven into soil, such 
those that occur with steel piling, are very dif- 
ferent from those that exist when steel buried 
trench. driven-piling applications, doubtful 
whether there any available oxygen distances 
more than few feet below the surface the ground. 
This eliminates the possibility local oxygen- 
concentration cells and explains the relatively un- 
corroded condition steel bearing pile 
that was extracted after years the ground near 
New Orleans, La., and reported The 
upper three feet the pile, which was the range 
the variable water table, was the only area at- 
tacked; here about half the area had been “etched” 
about the pile had been high-strength 
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low-alloy steel, the results would probably have been 
the same. 


Industrial-Equipment Design 


Steel users have taken advantage the combina- 
tion high strength and superior atmospheric- 
corrosion resistance possessed the high-strength 
low-alloy steels. About 100 individual types com- 
mercial applications these steels are record. 
Examples applications involving large tonnages 
these products are railroad cars, farm equipment, 
mine equipment, boats, trucks and earth-moving 
equipment. many these applications, advantage 
can taken the higher strength these steels 
obtain reduction equipment weight and still 
maintain good service life. other applications, the 
superior corrosion resistance results longer service 
life when these materials are used replace equal 
thicknesses carbon steel copper steel. 

addition the well-known cathodic protection 
method, lists four other ways minimizing 
the corrosion structures: 


Methods based modification design, 

Methods based modification environment, 

Methods based modification metal (addi- 
tion alloying elements, and 

Methods based protective coatings (metal 
organic). 


addition inhibitor the liquid will usually 
decrease corrosion. The environments which struc- 
tural steels are used can rarely changed appre- 
ciably but the other three methods are worthy 
consideration attempts decrease corrosion 
losses. comprehensive treatise covering the many 
dangers improper design and the use certain 
methods alleviation has been prepared Mears 
and 

previously mentioned, about 100 individual 
types equipment used industry have been 
made, wholly part, from the high-strength low- 
alloy steels. obtain full advantage from the im- 
proved corrosion resistance these steels, the fol- 
lowing precautions should observed: 


The design the structure should such that 
good drainage obtained and laps ledges 
exist hold moisture. 

Adequate protective measures should applied 
those areas that will remain moist for considerable 
lengths time. 


The two most protective measures are 
metallic and organic coatings. Coatings zinc are 
frequently applied hot-dip methods steel in- 
tended for use under severe conditions; for example, 
roofs railroad refrigerator cars. 

There that the zinc-steel alloy layer 
some galvanized high-strength low-alloy steels 
more resistant some corrosive conditions than 
the alloy layer galvanized carbon steel. 


Sprayed metal coatings zinc aluminum are 
also widely used. The corrosion resistance these 
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their thickness and freedom from pin 

Paints and the preferred methods application 
have been the subject many investigations, some 
which are discussed and 
The superior performance paints high-strength 
low-alloy steels over the performance 
steels has been discussed previously this paper, 

One the most important applications the 
high-strength low-alloy steels for railroad hopper 
and gondola cars. and have presented 
papers which contain data showing that the 
life obtained the use certain high-strength 
alloy steels open-top railroad cars greater than 
that obtained the use carbon copper steels, 
These papers emphasize that design, mentioned 
above, particularly important. 

Accumulations coal leachings have been found 
distilled water amounts equivalent 
rainfall was added 7-foot column bituminous 
coal stainless-steel cylinder. Leachings, collected 


the bottom, contained percent ferric 
sulfate after three-month period. the end ofa] 


year, the concentration was about percent. free 
acid was found. Since such leachings are severely 
corrosive all steels except stainless grades, 
signing prevent accumulation moisture very 
important with respect the service performance 
railroad 


Summary 


The effects differences environment the 
corrosion resistance steels have been shown 


such importance that tests particular 


ment are necessary determine the suitability 
any type steel for use under these conditions. Est 
mations can made from the results tests 
other locations only the environments are similar. 

Data have been presented which show that the 


atmospheric-corrosion resistance certain high 


strength low-alloy steels several times greater 


that structural steel. The comparative 
corrosion resistance each individual grade 
any one environment determined its 


composition. The superiority one steel over 
other with respect atmospheric- corrosion resist 
protective qualities the rust that forms fully 


exposed surfaces these materials. 


that are sheltered these differences are less 


nounced, however, the high-strength low-alloy 


are still somewhat more resistant 


corrosion than are the structural copper and 


tural carbon steels. 

most natural waters and soils, the 
small amounts alloying elements the 
not play major part determining the averag 
corrosion rates. However, most steels containing 


severely structural carbon steels. For 


tural steels and low-alloy steels, environment 
considerably more important than composition. 
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Short-time service tests will determine only gross 
probable corrosion rates; longer ex- 


posures are necessary establish 
most materials. 
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All-Plastic Materials Construction 


For Corrosive Environments 


HUSCHER 


Introduction 


INCE their early days, the chemical process in- 

dustries have been able draw upon metals, 
wood, cements, brickwork, glass and ceramics all 
types for the manufacture equipment and appara- 
tus which would resist the corrosive action the 
various chemicals employed. Despite this variety 
means combat corrosion, chemical plant engineers 
encounter difficulties daily result corrosive 
attack parts their plants. 

During the past thirty years new group ma- 
terials—plastics—primarily the organic synthetic 
type has been finding steadily increasing use the 
industries. Many these plastics have been 
found offer exceptional resistance corrosive en- 
vironments. This exceptionally good chemical resist- 
ance many plastics was recognized very early. 
Because they not conduct electricity, they reduced 
electrolytic corrosion and were, therefore, especially 
useful certain corrosive environments where 
neither special alloys nor other materials could serve 
satisfactorily. 


Plastics the Chemical Industries 


Recognition various plastics full-fledged en- 
gineering materials excellent—and many cases 
superior—anti-corrosive properties gaining rap- 
idly. The great number plastics produced re- 
cent years has broadened the scope applications 
the corrosion protection field much, that cor- 
rosion engineers should find interesting know 
more about these synthetics, their properties, ad- 
vantages and limitations. 

Unfortunately, because the great number 
types plastics available, the generic names their 
composition, and the trade names designating the 
various marketed materials and products, situation 
which frequently confusing the engineer inter- 
ested investigating the potential uses plastics 
has been created, view their short history 
corrosion resistant materials, may difficult 
estimate and survey fully the potential all plastics 
this field. Although new developments are ex- 
tremely rapid, attempt will made here pre- 
sent the “status plastics” the field technical 
corrosion prevention with particular attention ex- 
perience gained the use all-plastic pipe and all- 
plastic equipment. 


% A paper presented under the title “The Use of All-Plastic Piping 
and Equipment in Technical Corrosion Protection,’ at the Ninth 
Annual Conference, National Association of Corrosion Engineers, 
Chicago, Ill., March 16-20, 1953. 


JOSEPH HUSCHER—Manager Technical 
Sales and Service for Kaykor Industries, Inc., 
Division Kaye-Tex Manufacturing Corpora- 
tion, New Jersey was Technical Di- 
rector American Agile Corporation 
Bedford, Ohio until March 1953 where had 
been employed since Originally worked 
developing special metallic welding elec- 
trodes. returned after two years the 
Chemical Warfare Service evaluate plastic 
resistance corrosives and 
develop plastics structural materials. 
holds chemistry from University 
Caen, France, and Chemical engineer- 
ing from Fenn College, Cleveland, Ohio. 


Abstract 


new group “construction” materials—mate- 
rials which can used fabricate processing 
ment and unsupported pipe are now available the 
corrosion engineer. These 
sometimes unknown the corrosion engineer. The 
concept plastics self-supporting structural ma- 
terial for anti-corrosive applications requires 
arity with them technically and economically 

While hardly plant the chemical 
field does not use plastics coatings, adhesives, lin- 
ings, gaskets, etc., the use all- 
plastic piping and tubing and all-plastic chemical 
processing equipment recent development which 
finding rapid acceptance. 

The technological and economical aspects this 
group “construction” materials are discussed. 
Through discriminate and proper applications—some 
which are shown illustrations—plastics are be- 
coming extremely valuable tools the constant fight 
against corrosion. 


There are now more than thirty chemically 


tinct plastic families. must understood 


many types may made several different phys 
ical forms, can blended copolymerized 


Figure 
blend 


to le 
said 
cone 


used 


plasti 


other types, combined with fillers various 
Also, because various blends between resins and 


thetic rubbers must included, enormous 


ber compounds results. While only 


small number these have been evaluated, 
stated safely that there hardly any plant 


chemical industry which does not make use 


tics one form another. This done not 


with the aim prolonging equipment 


tus life but also improve product quality. 


The incorporation plastics such products 


soaps and detergents, cleaning and polishing 
and cosmetics, does not ordinarily receive 
attention, but this practice contributes con 
development the products. 
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Figure new sewage disposal 

The pipe made from 

blend thermoplastic selected for corrosion re- 

sistance, high impact strength and installation 
ease. (Photo Rubber Company.) 


Plastics Technical Corrosion Prevention 


The use plastics corrosion-resisting materials 
lengthen equipment life not new. French 
scientific review published 1910, Francis Beltzer 
commenting the recently developed “Bakelite” 
said this new plastic, which was resistant both 
concentrated and dilute mineral and organic acids, 
would permit the manufacture apparatus, con- 
and tanks which would advantageously 
used the chemical industries. foresaw that 

near future modern chemical industries would 
available apparatus, equipment and pipe which 

both fully corrosion-resistant practically 

and also predicted the use such 

paints, varnishes, coatings and linings for 
anti-corrosive applications the chemical 
allied industries. His predictions are well the 

full realization. 

Generally, the application plastics the corrosion- 

field may considered under five main 


Cements and adhesives 

Coatings and linings 

Synthetic fibers and films 

All-plastic fabrications corrosion-resistant 
equipment and apparatus ranging from acid pumps 


complex exhaust systems. 


This article will limited survey the pres- 
the last two groups, where plastics ful- 
the requirements independent 
materials. 

Frequently designers and users equipment will 
why plastics should considered materials 
Construction when many other materials are 
cases plastic will good better job 


addition their light weight and 
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Figure 2—Four-inch diameter cellulose acetate 
butyrate pipe assembled the surface being 
moved into ditch, leaving slack compensate 
for changes length resulting from tempera- 
ture differences. The pipe carry crude oil. 
(Photo Eastman Chemical Products, Inc.) 


Figure 3—This heat exchanger for process 

involving corrosive mineral acids has 

diameter unplasticized polyvinyl chloride pipe 

frame the same material. (Photo 
American Agile Corp.) 


generally easy formability, they offer outstanding 
resistance corrosion, 

this point should interest point out 
the difference the mechanism deterioration 
metals and plastics. the case metals, the cor- 
rosive attack consists actual electrochemical 
transformation reaction taking place the ex- 
posed surface. important the products this 
reaction form dense layer which will either retard 
considerably possibly terminate further attack. 
The resulting loss weight frequently accepted 
measure corrosion. the case plastics, 
the main type attack not the form chem- 
ical reaction, but rather actual penetration the 
corrosive medium into the plastic. The process 
attack, therefore, does not take place the surface, 
but rather progressively into the material, depend- 
ing the period exposure. This penetration can 
lead complete saturation the plastic with the 
corrosive medium, even the case heavy wall 
sections. Instead the loss weight characteristic 
corroded metals, plastics that have suffered attack 
will generally show increase weight and vol- 
ume. This combined increase weight and volume 
commonly known swelling and measure 
deterioration plastic materials. The reason for 
the different behavior metals and plastics pri- 
marily the much denser space lettice metals, 
which offer considerably more resistance actual 
penetration liquids gases than plastics. 

Although the extremely interesting chemical prop- 
erties and good physical characteristics many plas- 
tics had been realized much sooner, their broad use 
piping and particularly materials construc- 
tion for anti-corrosive industrial applications 
rather recent origin, particularly this country. The 
latter has been largely due the sometimes over- 
looked fact that not merely sufficient have 
materials good chemical resistance, but means 
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must available for their fabrication into complete 
structures units for use chemical and allied 
plants. Many these chemically resistant plastics 
are not easily joined together and others mainly 
because their chemical inertness, and has taken 
time develop suitable techniques for utilization 
and fabrication. 


While plastics have been recognized and are ac- 
cepted standard building materials many other 
industrial fields, such electrical and electronic 
applications, the concept plastics self-supporting 
“structural materials” for the chemical industries 
still seems encounter some doubts and prejudices. 
This despite the fact that many high-grade plastics 
have been developed for the express purpose re- 
sisting the corrosive action many chemical agents. 
some cases these prejudices are not entirely un- 
founded, Improper application and poor design and 
workmanship have caused the plant engineer 
reluctant consider these corrosion resistant ma- 
terials. 

primarily the duty the specialized fabrica- 
tor plastic assemblies and equipment scrutinize 
carefully each proposed application failures will 
prevented. 

Only small number commercial plastics can 
considered for use either all-plastic piping 
all-plastic equipment both. Among thermosetting 
plastics, the following must included: phenolics, 
furane resins, polyesters, epoxy and ethoxyline 
resins. The desired ultimate properties the cured 
thermosetting compounds can varied greatly 
incorporating any one several inorganic organic 
fillers, such acid-digested asbestos, glass-fiber, cot- 
ton webbing, before the curing process takes place, 
well through control reaction conditions and 
composition the mixture. 

Thermoplastic materials importance manu- 
facture piping and equipment are: polyethylene, 
polyvinyl chloride and copolymers, polyvinylidene 
chloride, cellulose acetate butyrate, polytetrafluoro- 
ethylene, polymonochlorotrifluoroethylene, poly- 
methylmethacrylate, rubber-resin blends (comprising 
wide variety compounds ranging from so-called 
high-impact polystyrenes blends styrene- 
acrylonitrile resin and acrylonitrile-butadiene rub- 
bers). While the thermosetting materials cannot 
reformed after their initial setting, the thermoplastics 
are easily formed and also lend themselves greater 
variety fabricating processes. addition well 
known basic forming processes—injection and com- 
pression molding, high-pressure laminating and ex- 
trusion—a wide variety fabricating methods, such 
low-pressure laminating and spraying for the 
thermosetting, and cementing, hot-gas welding, 
solvent welding and vacuum forming and drawing 
for the thermoplastics permit fabrication many 
complex types equipment. 


Plastic Pipe 


All-plastic pipe was introduced into the field 
industrial corrosion protection only very few years 
ago. After some rather unpleasant experiences with 


ATIONAL ASSOCIATION CORROSION 


ENGINEERS 


they were sold untried substitute for metallic 


terials—primarily for domestic 


able progress has been made, both the quality 
the basic raw materials and manufacturing 


According most recent surveys, about 
lion worth plastic pipe was sold 


million worth pipe may seem 


compared the value all pipe sales, 
quite record for virtually unadvertised 
which really got its start only three four 
ago. Current estimates are for market 


$75 million plastic pipe 1960. 


achieve such surprising record, plastic 


had the following advantages offer: 


Resistance rust, electrolytic action and chemical 
attack, which cause rapid deterioration metal 
pipe. While the initial cost plastic pipe may 
sometimes higher than that for pipe prey viously 
used, the longer service life plastic pipe often 
offsets this disadvantage. 


Ease installation, where the light weight all 
plastic piping labor saving factor consider- 
able importance. Furthermore the availability 
some plastic pipe long coiled lengths often elim- 
inates the need for numerous fittings, resulting 
lower “installed” cost, even though metal pipe 
may cost less per foot. 


The generally smoother inside surfaces plastic 
pipe result less friction loss passage li- 
quids, which often permits the use smaller pipe 
size. 


Most manufacturers plastic pipe already are pro- 


ducing more than one type plastic pipe and 
which makes clear that the aim will probably 


towards specific applications for each material, The 


number types materials thus employed 
ing and their success assured when 


that apply plastics application are 


There all-purpose plastic pipe, nor there 
likely be. The proper material must 
fit conditions use. 


Generally, thermoplastic pipe not suitable 


service temperatures excess 175 degrees 


except for the fluoroethylene polymers which 
serviceable about 450 500 degrees 
are now 
ing field small diameter tubing. Thermosetting 
plastic pipe can used continuously intermit 


temperature factor for thermoplastics not too 


deterrent the chemical processing field 


untold miles pipe are needed for transporting 
ous liquids and gases various operating 
tures. 


Among thermoplastics, polyethylene seems 


the most versatile material, combining excellent 
rosion resistance with light weight 
high impact strength. recent valuable 


this field industrial pipe made 


pure polyethylene without added pigment, resulting 
translucent pipe with the full corrosion 
polyethylene. 

Like polyethylene, the stronger and more 


polyvinyldene chlorides, high impact polystyrene 
and rubber-resin blends are found 


plastic pipe and fittings during World War II, 


making their entry into the industrial 
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variety chemical and allied applications, such 


carrying acid, caustic electroplating solu- 
rayon processing plants, chemical labo- 


waste systems and also conduits for elec- 


corrosive atmospheres. Cellulose ace- 
butyrate, which available either transparent 
opaque used oil fields primarily handle 
crudes, paraffin crudes and raw gas. 

addition the previously mentioned fluoro- 
polymers, newcomer the thermoplastic 
field polyvinyl chloride pipe. offers excel- 
ent resistance high strength and 


try being widely used Europe for about 
years, often satisfactory replacement for 
copper steel. 

The use filler-reinforced thermosetting pipe 
Glass-fiber reinforced phenolic pipe has 
available custom-made basis for some 
but only recently has the production stand- 


glass- reinforced polyester pipe reached propor- 
sufficient supply constantly growing mar- 
The great advantages this type pipe are 


and light weight (the strength-weight 


resistance excess that most metals, 
operative temperature range (60 degrees 275 


high working pressure and excellent cor- 
resistance. 

There considerable room for improvement 
production plastic pipe fittings and all-plastic 
well urgent need for standards 
quality and size for the various types plastic pipe 
now marketed. Such standards will greatly reduce 
confusion among potential users and protect 
against inferior quality, industry group 
such standards has been formed recently. 
All-Plastic Apparatus and Equipment 
Employment plastics materials construc- 
the manufacture corrosion-resistant equip- 
and apparatus constantly increasing. There 
the chemical industry numerous corrosive 
where the customary expected equipment 
can greatly lengthened with plastics. Although 
main reason for their use their outstanding 
resistance, other aspects such low spe- 
gravity, versatile forming and fabricating qual- 
and others are important. 


The thermosetting materials offer higher strength 
higher temperature limits than the thermoplas- 
but their fabrication generally more costly, 
when only limited number units 
They are fabricated either casting 
low-pressure laminating the usually -filled-resin 
and subsequently cured elevated tem- 
processes require more less ex- 
pensive molds and forms which naturally are con- 
the ultimate cost. Filler-reinforced 
materials, such asbestos-filled 
formaldehyde resins have been available 
equipment and parts for many years. 
Fecent years, glass-reinforced polyesters have made 


ALL-PLASTIC MATERIALS CONSTRUCTION 


Figure 4—All-plastic valves from 3-inch diameters made 

unplasticized polyvinyl chloride except for gaskets diaphragms which 

can made flexible chloride, neoprene other materials. 
(Photo American Agile Corp.) 


great advances and can obtained now custom- 
built fabrications and stock products such stor- 
age and process tanks. 

Cured furfural alcohol resins containing various 
types fillers, primarily graphite and the recently 
introduced epoxy and ethoxyline resins round out 
the thermosetting types used construction ma- 
terials. 


Although the thermoplastics offer more limited 
temperature operating range, they frequently excel 
the thermosetting materials chemical resistance, 
particularly against alkaline and strongly oxidizing 
media. They lend themselves several versatile and 
economical methods fabrication which make pos- 
sible the manufacture both custom-made and 
standard-built units without special molds and dies. 
addition the most common method fabricat- 
ing thermoplastics (1.e., heat forming under pressure 
through vacuum and joining individual sections 
chemical cementing) the hot gas welding method 
has made possible for polyethylene and unplasti- 
cized polyvinyl chloride become outstanding con- 
struction materials among the thermoplastics. 
interesting combination rubber-resin blend struc- 
tural sections connected solvent cementing 
being used, although they definitely are limited 
the transfer gases, while welded polyethylenes and 
polyvinyl chlorides become completely liquid proof 
structures. 

Because there satisfactory method joining 
sections fluoroethylene polymers, these extremely 
materials are not adaptable for structural 
use for the time being. The development joining 
methods will certainly open tremendous field 
application for them. 

Temperature and strength limitations make evi- 
dent plastics can successfully replace and improve 
previously used corrosion-resisting structural ma- 
terials somewhat restricted field only. ad- 
visable consult the manufacturer fabricator 
the selected plastic about the application desired be- 
cause both have accumulated considerable informa- 
tion correct use, which they willingly pass on. 
illustrate the potentialities plastics for equipment 
and apparatus construction, some typical applications 
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Figure 5—Chlorine gas heaters foot diam- 6—These truck-mounted fuel tanks are 7—A 40-gallon acid makeup tank vith 


eter and six feet high are made asbestos made glass-reinforced polyesters because baffles, split removable cover and fittings 
filled phenol formaldehyde. (Photo Haveg Corp.) high strength, light weight and resist- polyethylene. This welded tank was 


ance automotive fuels. 


(Photo tuted for special alloy tank which had 


Cyanamid Co.) replaced frequent intervals. (Photo 


the chemical and allied industries are depicted 
figures included this article. These few examples 
serve only indicate the chemical plant and de- 
sign engineer the possibilities. 

Exact technical and economic comparison between 
plastics and other structural materials rather 
complex matter, because addition raw material 
cost and weight factors, one must include such con- 
siderations special molds, forms, reinforcements, 
the cost semi-finished sections and other unusual 
fabrication costs. 


Conclusion 


The constant growth the chemical industry in- 
creases and complicates the problems corrosion. 
Recommendations for the use plastics anti- 
corrosive applications require considerable experi- 
ence and sense responsibility. The diversified 
experience specialized fabricators therefore 
great importance. Many these fabricators have 
shown considerable courage and ingenuity carry- 
ing out much pioneer work. advantageous for 
the chemical industry become fully acquainted 
with the possibilities and make full use the 
constant improvement these materials. 


Agile Corp.) 


There little doubt that, every corrosion 


chemical plant engineer were look around 


own plant, would find that plastics could solve 
least some his worries and many ways 
prove the efficiency his plant and product quality 


may not exaggeration say that 
chemical plant where plastics cannot used 
some advantage, Intelligent observation and under 
standing the advantages and limitations 
tics all that required. 
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Introduction 


rusting which occurs certain metals under pro- 
Its directional growth and definite structure 
from the usual general “random” 


Filiform Corrosion* 


Abstract 


Filiform corrosion thread-like type corrosion 
which develops under protective coatings certain 
metals, usually humid atmospheres. charac- 
terized directional growth and definite structure. 
Controlling factors are the physical nature the 
coating and the exposure conditions. Normally each 
growing thread consists active head 


with which all are familiar. occurs much stable corrosion product and inactive body 


used 


plas 


mical 


and 


has become matter serious concern, espe- 
industrial finishers. 

Filiform usually observed maze network 
threads having apparently haphazard pattern. 
shows portion blackplate can cover coated with 
clear lacquer. The dark threads are filiform corro- 
the metal under the clear lacquer film. Figure 
shows portion the metal housing labora- 
hygrometer with its enamel finish removed after 


tern. However, its growth uniform and orderly 
direction, rate and dimensions when developed under 
controlled conditions. The tracks not cross one 
another but deflect join predictable manner. 

date direct relationship has been found be- 
tween filiform corrosion and the metallurgical pat- 
tern the surface, the presence absence light, 
biological activity the presence inhibitive pig- 
ments. has been observed under both non-metallic 
and metallic coatings, provided that the coatings are 
semi-permeable and are sufficiently elastic yield 
without rupture the volume the oxide formed. 

theoretical explanation offered for filiform cor- 


Eng- rosion, involving initiating force, driving force 
years service. Again the maze dark anda directing force. suggested that corrosion 
threads are filiform which are etched into the metal anodes are initiated electrolytic 
ordinary corrosion. The driving force the diffu- 
that the metal has corroded. Once this type sion the corrosive atmosphere into the active head, 
rhun- corrosion has been recognized and identified resulting further metallic corrosion. The directing 
force explained the basis concentration cells. 
observed with rather surprising frequency. 
oft an inactive body anc yart Of a growing reac 
with a /-Snaped active nead, 
hardware, mention only few. Sharman used the very descriptive term “fili- 


form” article “Underfilm Corrosion Lac- 
quered Steel Surfaces” published Nature 
described the phenomenon considerable detail 
and his discussion was great value selecting the 
path follow this investigation. British interest 


the thread usually has the characteristic red oxide filiform 
recent meeting the Corrosion Group the So- 


Examination filiform growing under clear films 
steel reveals that under normal conditions each 
growing thread has distinct head, usually 
and blue color, suggesting that the 
product the ferrous state. The body 


Occurrence Filiform 


the initial work filiform was found mostly 
ferrous surfaces, but subsequently active growth was 


paper pr. 


clats sented at the Ninth Annual Conference, National Asso- 
ion of 


.. Sh orrosion Engineers, Chicago, Ill., March 16-20, 1953. 
erwin-Wi\iiams ompany, Chicago. 
The Toni Company, Chicago. 
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Figure 2—Filiform stripped hygrometer housting. (Approx. half size.) 


observed magnesium, has also been detected 
aluminum. this investigation filiform has been 
developed under tinplate, silverplate, goldplate and 
certain phosphate coatings steel. Filiform has not 
been developed the more corrosion resistant forms 
stainless steel, Monel, copper, brass, nickel, 
chrome, tin, lead, gold titanium. 

The coverage vehicle types represented the 
coatings under which filiform has been observed 
means complete. However, considerable 
number have been examined, such drying oils and 
oleoresinous binders, pure and modified phenolic var- 
nishes, alkyds including amine modifications, lac- 


Figure 3—Magnified view filiform threads showing V-shaped head. 85.) 
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Color of 
Type of Type of Final 
Relative Underfilm Width Active Corrosion Corrosion 
Humidity | Corrosion Filiform Head Rate Products 
65-80% | Filiform Very thin Vp. deep | Low Light yellow 
80-90% Filiform Wide Shallow Medium to! Rust 
93% Filiform Very wide | Flat or High Brown and 
double black 
95% Mostly Very wide | Flat or High | Yellow, 
blisters; double | brown 
filiform | 
high, de black 
creases 
rapidly | 


ENGINEERS 
TABLE 


Underfilm Corrosion Steel Various Relative Humidities 
Over Solutions 


.when humidity relatively high. Cold rolled steel 


quers, vinyl copolymer coatings and amine modified 
ether resin and ether ester coatings, 
and pigmented films. This least suggests that the 
type binder not critical. 

Perhaps the most valuable contribution the 
early work was the indication that definite connec- 
tion exists between filiform growth 
when was observed that filiform generally occurs 


panels coated with baked enamel were each scribed 
pattern and rusting was initiated 
posure over acetic acid solution will described 
later. The panels were then exposed series 
atmospheres ranging from less than percent 
100 percent relative humidity, all degrees 
one series the humidity was controlled 
solutions sulfuric acid the proper 
tions, the second series through the use 
hydroxide solutions. filiform was observed 
percent but was quite active between 
and percent RH. Filiform threads became 
RH. Corrosion was much more 
tive over sulfuric acid solutions 
over sodium hydroxide equal 
ative humidities. general recapit 
ulation the results the 
exposed over the sulfuric acid 
tions given Table 


Preliminary Investigation 
Factors Involved 


Because filiform corrosion 
first called the attention 
authors 1944 theatre 
ment, some connection with 
lative absence light with somt 
phase air-conditioning was 
pected. Any association with 
presence absence light 
disproved almost immediately 
filiform was grown 
darkness, direct and 
light and under artificial 
tion, 

date connection has 
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FILIFORM CORROSION 


found between filiform growth and 
activity. When condi- 
tions exist which are conducive 
fliform growth has proceeded 
apparently unimpaired under coat- 
ings spite the presence toxic 
agents amounts which have been 
found prevent bacterial 
flms. The fungicidal fungistatic 
agents included various mercu- 
chlorinated phenols, cuprous 
oxide and certain proprietary fungi- 
cides which have shown acceptable 
controlling mildew 
growth paints. However biological 
experts are considering investiga- 
tion phase and their findings 
would considerable interest. 


frequent suggestion that the 
tracks may follow the metallurgical- 
contours the metal substrate. 
metal has been described 
crystal faces, edges, 
corners, boundaries and dis- 
turbed might well expected that the 
tracks would follow along some these boundaries. 
However, when samples were shown metallurgists 
they found correlation with the metallurgical 
topography the metal surface. The fact that under 
controlled conditions single filiform thread may 
progress considerable distance with deviation 
direction indicates that its course the thread 
cross numerous surface boundaries without ap- 
parent effect. should noted also that when cuts 
made through the coatings the metal, filiform 


threads usually start perpendicular the scribe 


marks, whether the cuts are made diagonally, verti- 
horizontally the face the panel. This 
suggests independence the metallurgy 
surface. some instances where panels have 
sanded (especially true magnesium) there 
been tendency for the threads follow sand 

Consideration must given the thought that 
pigments conventional metal primers 
retard eliminate filiform corrosion. would 
physically impossible check every possible 
formulation. However, tests which included 
the usual types showed that under suitable 
all permitted filiform growth. So-called 
primers” will permit filiform growth although 

Vapor phase inhibitors when added metal prim- 
did not prevent filiform. Certain surface conver- 
pion phosphate type treatments which were examined 
beneficial retarding filiform but not prevent 
Protective film and phosphate coating the metal. 
the metal with mineral oil, vegetable 
oils plus driers titanium acylates before 


Figure 4—Filiform under clear varnish cold rolled steel exposed 840 hours percent 
relative humidity degrees over solution. (Approx. 5.) 


application industrial baking alkyd enamel did 
not inhibit filiform. 


Laboratory Study Filiform 

The preparation test panel for the study 
filiform involves few departures from regular labo- 
ratory procedure. example, test may start 
with clean cold rolled steel panel coated with 
clear pigmented finish using the recommended re- 
duction and application technique, followed air 
drying baking. X-mark then scribed through 
the coating the metal. The panel may then 
placed convenient closed container over per- 
cent acetic acid solution for approximately hours 
initiate corrosion. The acid activation not essen- 
tial and neither the concentration nor the period 
exposure critical. However, the conditions de- 
scribed are adequate and convenient. 

After the activation the panel moved into the 
test environment and observed for progress fili- 
form. Figure shows portion test panel 
which considerable filiform had developed under 
clear varnish after 840 hours’ exposure atmos- 
over sulfuric acid solution. The threads usually orig- 
inate from scratch but they may also start from 
edge, speck, piece dust lint, any imperfec- 
tion discontinuity the protective film. When 
grown under reasonably constant conditions the di- 
mensions the filiform threads are quite uniform. 
Their lengths are usually many times their respective 
diameters. Observations Hargreaves* and 
suggest that there may both micro and macro 
form filiform, although these dimensional differ- 
ences may have been due variations tempera- 
ture, humidity, thickness surface coating, etc. 


a 
= 
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mentioned earlier, each growing thread observed 
work reported here has active head (blue the 
case ferrous surfaces, black the case mag- 
nesium) and inactive body (rust colored the 
case ferrous surfaces, white the case mag- 
The filiform channel lifts the surface coat- 
ing the film yields the expansion from the cor- 
rosion product the metal. 

the test panel removed environment not 
conducive filiform growth, such low humid- 
ity, the growth stops, the active head “dies” and usu- 
ally changes yellow oxide color steel. 
Growth will resume the panel again placed 
humid atmosphere, but the tracks usually are not 
merely continuations the old, but tend rather 
start off new direction. 


When one filiform thread comes into contact with 
another, several things may happen, depending 
the conditions. Limiting the discussion for the mo- 
ment ferrous surfaces the authors have not ob- 
served that one filiform has crossed the track an- 
other. the active head growing filiform strikes 
the inactive body filiform which has already 
passed that point the two not coalesce, but the 
active filiform deflects angle approximately 
equal the angle incidence. the special case 
where one active filiform head strikes another in- 
active thread angle degrees, the imping- 
ing filament may cease grow. However, the active 
head usually mushrooms and splits into two heads 
which then reflect, each growing filiform thread 
angle from the inactive head and the impinging 
thread. Many interesting cases may observed 
where growing filiform surrounded other in- 
active tracks. such instances the growing filiform 
rebounds sequence contacts into constantly 
more confined area, and eventually “dies.” 

two active heads happen 
head they can coalesce. If, however, two active 
heads reach the same point simultaneously slight 
angle from two directions they can combine and 
proceed single filiform direction which 
approximately the average the two original paths. 
the junction not exact, the ensuing single fili- 
form will progress path which deflects accord- 
ing the deviations from such exact juncture. 

Filiform corrosion magnesium vigorous under 
suitable conditions. There are some indications that 
magnesium may show some phenomena which 
not fit precisely the pattern which has been described 
for ferrous surfaces. Further work required, 


Major Factors Filiform Growth 


considerable portion the work done the 
authors has been devoted the identification and 
understanding the major factors involved 
form growth. The significant role played humid- 
ity has already been described. Because the 
writers’ laboratory’s interest critical pigment vol- 
ume concentration relationships pigmented coat- 
was natural that any possible connection 
with filiform should receive early attention. Critical 
pigment volume concentration (CPVC) has been de- 


fined that point which just sufficient binder 
present fill completely the voids left between the 
pigment particles after the volatilization the 
ners. the transitional point which 
changes appear such characteristics the 
ing gloss, blistering tendencies and permeability, 
well rusting under the film. 


Permeability usually relatively low low pig. 


ment loadings, then goes through the 
point relatively high permeability above the 
CPVC. Tests series enamels varying only the 
volume ratios pigment binder show that filiform 
corrosion will occur only below the critical pigment 
volume concentration for each pigment-binder sys. 
tem. Above the CPVC, where there 
ciency binder and the film porous, only general 
“random” rusting has been observed. te. 
cent work, tests metal primers show that filiform 
can grow under primers formulated above their 
ical pigment volume concentrations when certain 
rust inhibitive pigments are used. Below 
the films will meet one requirement for 


filiform, which that they must semi-permeabk 


stant permeability tends grow linearly bit 


bounce away from interface much per- 


meability. Filiform width increases with increase 


film thickness well with increase 
second requirement for coating 


filiform growth that must have sufficicnt 
ticity yield without breaking because the 
pansion from the voluminous oxide forming 


neath. 


From the standpoint the metal substrate, 


filiform occur the metal must have coating 
ing requirement that the free meta! must 
first unstable state and then stable state 


unstable ferrous state and then the stable 


state. Magnesium corrodes first form the 


black amorphous magnesium hydroxide which 


converts the stable white crystalline 
minum can meet the conditions because can 
oxides different states and degrees 


Theoretical Discussion 
Major emphasis date has been the 
tion filiform corrosion and observation 
ture. Development theory explain filiform 


proved complex and difficult 


However, the basis available data, 
offered for consideration. 


has been pointed out that 
differs from conventional rusting two 
has characteristic structure (V-shaped active 
and long inactive body) and its growth 
(linear and regular rather than radial 
ard). The peculiar bouncing, blending 
are secondary differences inasmuch they 
ently result from the same forces which control 
filiform structure and direction. The 
explains these characteristics 
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steps the filiform process: the initiating mechanism, 
the driving mechanism and the directing mechanism. 


Initiating Mechanism 


Filiform corrosion primarily 
phenomenon which quite sensitive relative 
this table immersed aqueous systems provides 
interesting comparison atmospheric corrosion and 
corrosion during immersion, the former the corro- 
sion relatively even and comparatively mild. This 
suggests mechanism atmospheric corrosion 


which countless tiny anodes are controlled ad- 

jacent 
Such 
strong 
the met: 


hodes which are also very small size. 
plausible because the lack 
contact between distant areas 
surface. 


study the conductivity surface 


moisture metal surface would difficult. How- 
th: 
humid atmospheres extensive. Such 


literature surface conductivity di- 


studies surface conductivity extremely 


sensitive relative humidity, with conductivity 
general 
immersed aqueous corrosion there good electro- 
lytic coniact between all points. Hence possible 
for large anodic areas couple with large cathodic 


being higher the higher the relative 


areas vigorous corrosion cells. 
Figure diagram metal surface partially 


protected with paint film. this panel exposed 


corrosive atmosphere, the surface corrodes 
tiny anodes and cathodes 


the film-metal-air junction, (1), many 


voluminous anodes (A) will lift semi-circular 


portions film shown. this panel then ex- 


posed constant relative humidity above per- 


the exposed metal the V-shaped area (L) 
between the corrosion anodes corrodes. The corrosive 
reaches the area rate which con- 
the permeability the paint film. the 
case iron, the first product such slow corrosion 
the blue ferrous hydroxide which fills the 
area. This recognized the active head. 
The original corrosion anodes (A) are converted 
rapidly ferric hydroxide, since they are 
contact with the corrosive atmosphere, This 
provides the boundary observed between the ferrous 
ferric phases. 

Since the corrosion rate many metals increases 
with increasing relative humidity, apparent that 
the number filiform initiated will increase 
matter chance. (See Table I.) The width the 
will also increase because the more 
vigorous corrosion taking place the higher relative 
humidities. Furthermore, the V-shaped active head 
will very deep the low relative humidities, since 
the low corrosion rate reduces the chance over- 
lapping anodes. medium relative humidities, there 


resulting shallower V-shaped head. very high 
relative 


there the possibility three 


good chance for the numerous anodes overlap, 
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IRON PANEL 


ACTIVE HEAD INACTIVE BODY 


Figure 6—Diagram suggesting possible driving mechanism. 


anodes combining produce filiform. Such 
condition would give rise the double “V” active 
heads which are observed about percent RH. 


Driving Mechanism 

the mechanism associated with the electro- 
lytic theory corrosion follows: 

this stage, depolarization the cathode neces- 
sary before further corrosion can proceed. This may 
effected escape molecular hydrogen oxida- 
tion hydrogen water. Oxidation the ferrous 
hydroxide ferric hydroxide completes the process. 


4Fe (OH). O: 4Fe (OH); 


described previously, the permeability the 
film the corrosive atmosphere controls the corro- 
sion process within the active head. Further corro- 
sion causes further lifting the film which turn 
exposes more metal for corrosion. The active head 
grows slowly radial direction. While this corro- 
sion process taking place the leading edge 
the active head, process conversion taking 
place the rear the head along the V-shaped 
ferrous-ferric interface. Here the ferrous hydroxide 
being converted ferric 

The mechanism which keeps this corrosion-con- 
version process going the oxygen concentration 
oxygen between the active head and inactive body. 
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The concentration oxygen the active head 
considerably lower than that the body. The factors 
controlling this concentration gradient are: 

Time Factor. the film lifted the advancing 
filiform there temporary and localized low con- 
centration oxygen which then rises permea- 
tion oxygen into the area proceeds, setting 
oxygen gradient. 

Local corrosion within the active head. Appreciable 
quantities oxygen are consumed within the active 
head local Although such local cor- 
rosion undoubtedly proceeds through electro- 
lytic mechanism, independent the major 
electrolytic cell operation—a corrosion cell within 
corrosion cell, speak. Such corrosion the 
active head would consume oxygen through its local 
depolarization and oxidation reactions, 


With the resulting concentration difference, proc- 
ess oxidation would result the active head and 
process depolarization near the ferrous-ferric 
interface. The existence oxygen concentration cells 
was demonstrated conclusively when 
measured the flow current the following cell: 


The iron electrode immersed the solution low 
oxygen concentration became anodic the one 
the solution high oxygen concentration. similar 
type oxygen concentration cell would exist the 
case magnesium. 

soon the ferric hydroxide formed, radial 
growth ceases that the width the filiform now 
determined. Without this reaction, radial growth 
would continue and normal underfilm corrosion would 
result. the case magnesium, the same general 
process takes place except that here the first corro- 
sion product the unstable amorphous magnesium 
hydroxide while the second product the stable 
crystalline magnesium hydroxide. 

The reason that the second corrosion product stops 
radial growth may found study the protec- 
tive properties corrosion products. For example, 


Figure 7—Diagrams suggesting possible directing mechanism. 
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the first corrosion product slightly soluble, 
formed out physical contact the metal 
face and hence will not have protective 
If, however, conditions are such that the corrosion 
product formed physical contact with the 
surface, such product may have protective prop- 
erties and may tend stop further The 
importance corrosion products they affect cor. 
rosion rate has been pointed out several 
interesting note that the case filiform 
corrosion iron, different corrosion products appear 
about percent relative humidity, which the top 
limit for filiform corrosion and the threshold radial 
corrosion (blistering). (See Table I.) Much work 
remains determine the exact identity the various 
corrosion products obtained filiform corrosion, and 
more important, determine whether not some 
these corrosion products actually have 
tective properties the relative humidity range 
filiform corrosion. 


The Directing Mechanism 


Under conditions constant temperature, humid- 
ity, film thickness and metal surface regularity, fili- 
form will grow very straight path. Here, the 
directing mechanism the conversion the initial 
corrosion product the final protective corrosion 
product, This prevents radial growth and imparts 
linearity. However, the filiform will deflected from 
its path when meets second filiform described 


earlier. the active head one filiform meets the 


inactive body another, must deflect since the 
metal under the inactive body from 
further corrosion. See Figure When the 
angle incidence degrees the filiform may 
However, when the active head strikes in- 
often mushrooms and splits into two heads. was 


mentioned earlier, the new threads reflect either 


side the impinging thread. The mushrooming offers 
number directional effects too complex illus 
trate simple diagram. When two filiform heads 
meet they blend since neither area protected 
that stage growth. Also there are oxygen 
centration differences here, concentration 
can set up. Because the advancing inactive 
boundaries, the two blend and proceed one the 


Thermodynamic Considerations 


problem not justified. Such treatment would 
fine only the initial and final states the 
Since filiform corrosion unique 
structure and behavior such information would 
tribute little toward the explanation 
which typically one mechanism. 
more, the system virtue its atmospheric 
rence would not justify the use ionic 
tions calculation free energy changes. 
knowledge ionic activities and mobilities would 
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required. Also the presence oxygen and its oxidiz- 


ing and depolarizing effect would complicate matters 
further, Even the event that thermodynamic 


treatment were justified, consideration the direc- 


tion and magnitude the following concentration 
and electrolytic cells operating simultaneously with 
the oxygen concentration cell would necessary 


(a) Fe | Fe** (Ci) | Fe** (C2) | Fe 
(b) Fe | Fe*** (Ci) | Fet*** (C.) | Fe 


There Cure for Filiform Corrosion? 

now possible define with fair accuracy when 
and where filiform may grow. can developed 
for study the laboratory when desired. However, 
would much better for both supplier and con- 
sumer coatings means were available prevent 
requires great amount modesty state 
that the moment cure-all has been discovered. 

Much the metal which receives protective coat- 
ings the type which can filiform and the amount 
replacement possible with non-filiforming sub- 
strates limited. Obviously, humidities could 
held below the range where rusting will appear, the 
problem would solved. This certainly imprac- 
tical under most circumstances, especially after the 
coated article has passed into the customer’s hands. 


high humidities during the finishing opera- 


tions, possible, and especially during storage 
the finished product. Reduction susceptibility 
has been reported when phosphatized metal 
given final rinse demineralized This 


improvement ascribed removal water soluble, 


ionizable salts hygroscopic materials from the 
metal surface prior painting. Care should taken 
avoid contamination the paint coating dust 
lint during the finishing operation since such dis- 
continuities may become initiating points for filiform 


and may serve wick moisture. Imperfections 


the film and marring should avoided much 
possible. 


Many finishes are required have gloss, elasticity, 
durability, which dictate formulation with some 
free binder, i.e., formulation below the critical pig- 
ment volume concentration. Therefore the use flat 
relatively high permeability often un- 
late semi-gloss gloss finishes which are otherwise 
acceptable and which the same time will suffi- 
inelastic that they rupture when filiform 
develops under the film. This stops growth momen- 
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tarily, after which the corrosion resumes until the 
next rupture, with the net result that the amount 
filiform may not objectionable. 


Conclusion 

Filiform corrosion has been described differing 
from conventional rusting that has definite struc- 
ture and directional growth. Typical examples have 
been described and conditions conducive filiform 
growth have been defined. theoretical explanation 
offered involving initiating mechanism, driv- 
ing mechanism and directing mechanism. uni- 
versal cure has been discovered date, but sugges- 
tions are made how improve the situation. 


Much work remains done. Further funda- 
mental study needed almost all the phases, 
including micro inspection the filiform thread, 
better understanding the corrosion process and 
precise identification the corrosion products. The 
scope this paper does not permit the discussion 
certain apparent anomalies that have been observed, 
such “headless” filiform and the possibility 
branching. Further studies magnesium and alu- 
minum are indicated. 
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URING the operation experimental refrig- 

eration unit which cold percent ethylene 
glycol inhibited with borax was circulated contact 
with galvanized steel, was observed that volu- 
minous white precipitate zinc hydroxide appeared 
the solution was warmed room temperature. 
Examination the unit showed that the zinc had 
been severely attacked. There was indication 
the literature that glycol corroded zine low tem- 
fact, borax was recommended satis- 
factory inhibitor for glycol automotive anti- 
The observation seemed interesting enough 
warrant setting beaker-type laboratory corro- 
sion test. 

The corrosion rates galvanized sheet ethylene 
glycol solution and glycol containing borax were 
determined different temperatures. For compari- 
son, the same test was carried out room tempera- 
ture with distilled water free from and containing 
borax. The corrosion rates number other 
metals percent glycol and percent glycol 
with borax were determined degrees The 
corrosion rates galvanized sheet glycol solu- 
tions containing number salts other than borax 
were also determined. 


Experimental and Results 


All corrosion tests were carried out duplicate. 
Blanks were determined for the various metal panel 
cleaning methods and were used calculating weight 
losses which are reported milligrams per square 
decimeter per day (mdd). 


Test Galvanized Steel Glycol with Borax 


Panels measuring 134 214 inches were cut from 
26-gauge galvanized sheet, scrubbed with bristle 
brush trichloroethylene, vapor degreased 
chloroethylene and weighed. They were totally im- 
mersed the test solution for days during which 
time air was bubbled continuously. Tests with 1:1 
ethylene glycol and water mixtures, free from and 
containing percent borax were 
carried out —10, 20, and 170 degrees the 
end the test, the corrosion products were removed 
cathodic treatment percent 1.5 per- 
cent percent NaOH solution, dried 
alcohol, and reweighed. 

Figure shows the weight losses the various 
temperatures. 


% Submitted for publication December 16, 1952. 


Effect Decreasing Temperature 
Corrosion Glycol Solutions* 
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Abstract 


The corrosion galvanized steel solutions 
ethylene glycol containing borax found increase 
with decreasing temperature. This believed 
due the formation soluble complex zinc salt, 
the stability which greater the lower the tem- 
perature, which prevents the formation barrier 
film insoluble corrosion product. Cadmium, mag- 
nesium and brass are attacked low temperature 
glycol-borax solution the same mechanism, 
solutions glycol containing sodium 
acetate sodium benzoate. 


was observed the end the test that although 
the glycol-borax solutions were clear the testing 
temperatures —10 and degrees heavy white 
precipitate zinc hydroxide appeared when 
were warmed. The precipitate dissolved the 
tions were cooled again. The solutions which dil 
not contain borax did not exhibit this behavior. 


Test Galvanized Steel Distilled Water 

The same test above was carried out 
degrees with galvanized steel 
free from and containing percent borax. 

The weight losses obtained were 17.9 mdd 
borax and 0.1 mdd with borax. 


Test Other Metals 
1 if 
Panels brass, cadmium, copper, lead, solder 
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magnesium the same size those cut from the 
galvanized sheet were scrubbed with bristle brush 
and abrasive soap, dried alcohol and weighed. 
They were totally immersed aerated solutions 
percent glycol with and without percent borax 
above, except that all the tests were run 
degrees for days. Composition the metals 
ysed Table addition, the same tests 
were performed aluminum, carbon steel, 18-8 
stainless steel, nickel, silver, tin, tinplate and titanium, 
but these test results are not reported because metals 
tested were found corrode rate less than 0.5 
day, which was considered negligible. 

the the test the corrosion products were 


removed the following manner: 


Brass—cathodic treatment 

treatment inhibited 

Copper 

Lead brushed with acetone 
toilet soap, 

So'der—dipped boiling acetic acid. 
boiling 15% CrO, con- 
taining 


Table 


cathodic treatment inhibited 


and with 


shows the results obtained. From the 


the right can seen that cadmium, 
brass and magnesium exhibit marked increase 
corrosion when borax was added did galvanized 


Solutions from the brass and cadmium 


haved like those that the precipitate which 
warming the glycol-borax solutions dis- 
appeared cooling and that precipitate appeared 
the borax-free solution treated. Both the borax 
borax-free solutions from the magnesium test 


gave precipitate warming which cleared 


cooling. 


Test Galvanized Sheet Glycol 


Solutions Various Salts 
similar manner galvanized panels were tested 


nitrit 


containing one percent these salts: 
sodium carbonate, sodium acetate and 
benzoate. 

shown Table III acetate and benzoate gave 
while nitrite 


carbonate inhibited somewhat. Heating the solu- 


tions from the acetate and benzoate test resulted 
precipitate which cleared cooling. 
Discussion 

Results Figure show that 170 degrees 
excellent inhibitor for zine ethylene 
room temperature, however, borax acts 
accelerator glycol, the corrosion 
more than twice great with borax than 
degrees the corrosion rate glycol- 
shows marked further increase and even 
low temperature —10 degrees the corrosion 
high. This anomalous behavior (the 
know other instance where corrosion 


Zinc* 


GLYCOL SOLUTIONS 


WEIGHT LOSS 


GLYCOL BORAX 


tele) 150 


TEMPERATURE °F. 


Figure 1—Corrosion galvanized steel percent ethylene glycol 
with and without percent borax. 14-day test. 


rate has been reported increase this manner 
with decreasing temperature) believed depend 
the fact that glycol can form complex acid with 
and this complex acid, turn, apparently 
forms soluble complex salt with The forma- 
tion the normal insoluble corrosion product 
thereby prevented and the stifling further corro- 
sion does not take place. Since the stability such 
complexes decreases with increasing temperature, 
follows that the corrosion also will decrease with 
increasing temperature. This theory supported 
the behavior the test solutions the end the 
test: 
hydroxide appeared warming and dissolved again 


although clear when cold, precipitate 


the absence borax the corrosion 
increasing temperature 
usual manner shown the broken line Figure 

Results with distilled water 


rate increases with 
room temperature 


Cu | aa Mn 


Metal 


Other 


Cadmium. 


Magnesium. . OS 


TABLE 50% Ethylene Glycol 20°F. 


_Weight Le Oss in mdd. 
METAL 


Cadmium. 


* 14-day test. 
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TABLE 


Corrosion Galvanized Sheet 
Glycol Solutions Various Salts 20°F. 


Test Solution Weight Loss in mdd. 


50 percent ethylene glycol+1 percent sodium nitrite....... 0.85 
50 percent ethylene glycol+1 percent sodium carbonate. . . 0.24 
50 percent ethylene glycol +1 percent sodium acetate...... 2.91 
50 percent ethylene glycol+1 percent sodium benzoate... . 4.05 
50 percent ethylene glycol+1 percent borax.............. 16.7 


show that, the absence glycol, borax effi- 
cient inhibitor for the corrosion zinc. 

the tests with the other metals, cadmium, mag- 
nesium, brass and solder corrode higher rate 
glycol solution alone. Copper corrodes the same 
rate both solutions and lead corrodes less the 
presence borax. The results with cadmium, in- 
cluding the behavior its precipitate heating and 
cooling, are analogous those zinc and the same 
mechanism applies suggested for zinc: that 
the formation soluble complex cadmium salt 
the borax-glycol complex prevents the formation 
protective precipitate low temperature. The 
behavior magnesium also similar that 
zinc, but the fact that precipitate formed 
warming the absence borax indicates the com- 
plication second effect, which may caused 
the dissociation magnesium glycolate 
heating. Since the presence borax increases the 
corrosion rate brass but has effect copper, 
probable that the zinc content the brass 
undergoing corrosion. The small increase the cor- 
rosion solder the presence borax probably 
not significant. Borax inhibits the corrosion lead. 
The other metals tested—aluminum, steel, stainless 
steel, nickel, silver, tin and titanium—are not appre- 
ciably corroded degrees glycol solutions 
either with without borax. 


The increase attack brass with borax low 
temperature should interest the automotive 
industry that radiators are made brass and 
borates are very extensively used the formulation 
glycol antifreeze. That this low temperature attack 
has not been observed previously not surprising 
because laboratory corrosion testing antifreeze 
always conducted elevated temperatures. 

Palit® discusses what terms the “glycolic inter- 
action” compounds having group and 
extends his discussion any group where 
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any negative element. shows that carbonates 
acetates, benzoates, nitrites, metaborates, 
hypophosphites and metaarsenites, 
have exceptionally high solubilities glycol, 
cating that glycolic interaction occurs. Results from 
the corrosion test galvanized panels 
solutions containing acetate, benzoate, nitrite and 
carbonate indicate that with acetate 


this glycolic interaction leads corrosion zin 


the same soluble complex mechanism 
for borax. 


Conclusion 


Borax, although inhibitor the corrosion 


zinc glycol solutions elevated 


tures, the rate corrosion increasing with decreasing 


temperature. The mechanism this behavior be. 
lieved due the complex acid which borate form; 


with glycol and the soluble complex salt this 


apparently forms with zinc and the fact that such 


complexes are more stable lower 
This permits active corrosion proceed since 
barrier film corrosion product prevented 


forming. 

the other metals tested, brass, cadmium 
magnesium behave similarly zinc, the brass ap- 
parently because its zinc content. 

Aluminum, steel, stainless steel, nickel, 
tin and titanium not corrode appreciably 


slightly but equally both solutions. Lead 


much less borax present but solder little 


Sodium acetate and sodium benzoate 


solutions are corrosive zinc low temperature 


the same soluble complex mechanism for 


Acknowledgment 


The authors thank Beaubien for conducting the 
corrosion tests and Lentz the Division 
Applied Biology for the use the cold rooms 
which much the work was carried out. 


References 


Uhlig, Editor, “Corrosion Handbook,” John 
Wiley Sons, 340 (1948). 

2.R. Rippere, LaMer. Phys. Chem., 41, 
204-234 (1943). 

3.S. Mehta, Kantak. Am. Chem. Soc., 
3470-3471 (1952) July. 

Shishido. Bull. Chem. Soc. Japan, 25, 199-202 
(1952) June. 

Palit. Am. Chem. Soc., 69, 3120-3129 (1947). 


ant 
per 
giv 
tha 
Con 
and 
orde 
tions 
plod 
ciat: 


Others, 
from 
glycol 
and 


utlined Introduction 


EMPERATURE one the most important 
single factors influencing corrosion corrosive 

environment. Development new chemical processes 
and the for more efficient production often 
requires increasingly higher operating temperatures 
pressures the chemical and other industries. 
Many these advancements industry are ham- 
pered the lack practical and fundamental in- 
formation concerning the corrosion properties 
construction materials. With this mind the Alloy 
Casting Institute instigated program study the 
corrosion commercial grades corrosion resistant 
castings elevated temperatures and pressures 
determine under what conditions given alloy will 
give satisfactory service. Preliminary data indicate 
that many cases the more common alloys are not 
suitable and the use inhibitors new alloys will 
required for particular systems. Before venturing 
long range alloy development program was 
considered desirable investigate thoroughly each 
commercial alloy and present the data con- 
venient and useful form. The purpose this paper 
some the information obtained thus far. 
cases where the results are relatively reliable 
and complete. For the purpose making these charts 
greatest value, corrosion data obtained atmos- 
pheric pressure and lower temperatures are included. 


ratures, 
reasing 
forms 
acid 
such 
ratures, 
since 
from 


‘aSS ap- 
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borax. 


Procedure and Apparatus 

Autoclaves 

One the major problems encountered the 
studies elevated temperatures and pres- 
was the design and construction autoclaves 
auxiliary equipment for handling corrosive solu- 
tions. Because the highly corrosive nature many 
these solutions and their vapors was necessary 
provide some means protection for the test 
autoclaves. This protectton was required 
order increase the service life the autoclaves 
minimize contamination the test solutions 
corrosion products resulting from attack the 
wall the test units. 

Figures and are photographs two experi- 
autoclaves used studies. The func- 
the various parts are indicated these ex- 
views. Both units are one-quarter liter ca- 
and are similar design, the only difference 
the type liners used and the lid adaptations 
for either pressure temperature measurements. 


* A paper presented at the Ninth Annual Conference, National Asso- 
ciation of Corrosion Engineers, Chicago, Ill., March 16-20, 1953, 
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Abstract 


Recent trends the chemical industry are 
direction higher temperatures and pressures. Few 
data are available the literature corrosion 
metals and alloys temperatures above the atmos- 
pheric boiling points the solutions. This paper pre- 
sents data the corrosion variety metals and 
alloys nitric, phosphoric, acetic acids and sodium 
hydroxide temperatures 425 degrees The 
metals and alloys include CF-8, CF-8M, CN-7MCu, 
CB-30, cast titanium and high silicon iron. 

general, corrosion increases rapidly the tem- 
perature raised above boiling and some cases 
very rapid and previously unexpected attack occurs. 
Some data lower temperatures are included for 
comparison, 

Data are also presented the inhibiting effects 
metallic ions solution and some cases spectac- 
ular decreases corrosion rates are observed. 
example the effect copper ion corrosion 
stainless steel phosphoric acid. Sub-surface corro- 
sion stainless steel hot caustic described. 
Borderline passivity effects hot acids are dicussed. 
Equipment for conducting corrosion tests elevated 
temperatures and pressures described. 


The unit Figure fitted with thermocouple 
well for measuring the temperature the test solu- 
tion and the unit Figure equipped with 

pressure gage. The autoclave Figure contains 
Pyrex glass liner for holding the test solution and 
for protecting the autoclave body. Pyrex sleeve 
provides protection the thermocouple well. disc 
cut from Teflon sheet serves gasket for both the 
autoclave body and the thermocouple well which 
screwed into the bottom the cover plate lid. 
carbon steel ring fits over the cover plate and acts 
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Figure 1—Exploded view experimental autoclave with Pyrex 
glass liner. 


Figure 2—Experimental autoclave with Teflon liner. 


Figure 3—Exploded view 3-liter experimental autoclave with glass 
liner and Teflon cover sheet and 


Figure 4—Assembled view 3-liter experimental autoclave and 
auxiliary equipment including barricades. 
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they are essentially illustrated Figure 


autoclave equipped with Pyrex glass liner 
thermocouple well protection sleeve. Teflon 
used protect the autoclave lid and 
gasketing for the fittings and closure. The 
tube the gage contains Teflon diaphragm 
activating the gage and for protection the 
The autoclave body and lid are cast from 


CN-7MCu (see Table for compositions alloys) 


Figure assembled view the 3-liter 
clave and control equipment. The autoclave 


electric heater. Exhaust hoods and barricades pro. 
vide protection the operator. 


Figure includes some exploded and 


views several autoclaves. These units 


cast from either CN-7MCu CF-8M alloys. 
shows the 3-liter and the 1-liter units 


position. Four 1-liter units are heated 
bath and thus require only one unit 


for temperature measurements. The 


heating bath and suitable controlling equipment. The 
actual test temperature measured thermocouple 
which are placed the thermocouple wells the 
autoclaves. Small stainless steel tubes carry the 


wires the instrument panel which contains 


temperature recording and controlling 
Pressure measurements are made means 
tube type pressure gages. 
gages are connected the autoclave means 


heavy stainless steel tubes pressure lines. 


the pressure lines the gage ends maintain 
cient head support suitable liquids the 
gages and thus protect the gages 
Valves and pressure connections for releasing 
applying pressures are provided for the 
sides the loops. front view the 
panel illustrated Figure The barricades 
operating position. 


TABLE Metals and Alloys 


Metal or Alloy |-— 
Designation 


© 
| 
° 
Q 
= 


60) .50| 0.067)}..... 0 0.016) ().031) be 
CN-7MCu*....|20 | 29.7 2.62) 1.15] 0.055) 3.84; 0.39]..... ba 
High Silicon } | b 
Titanium...... Approximately 99.8 percent Ti, 0.02 percent W 


(Cast ingot prepared in arc furnace) 


* This Alloy Casting Institute designation covers alloys conta:ning 8 
22 percent Cr, 21-31 percent Ni, 0.07 percent C max. and varying «moun 
Si. Mo and Cu. There are several proprietary alloys that fall withi: this ov 
position range. The composition listed in the above table is for one OMG 
alloys known as Durimet 20. All tests included in this paper for CN-73 , 
were made on this alloy. This does not mean that all CN-7MCu alloys ® 
show the same corrosion resistance. 

All tests made Duriron. 


cushion against which the bolts are 
once the head (also carbon steel) screwed iny 
place. The autoclave Figure equipped With 
Teflon liner which machined from solid bar and 
designed with flanged top for 
arrangement provides complete protection 
body the autoclave. Although slight 
design are being made some new 
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Specimen Preparation and Corrosion Testing 


Corrosion specimens approximately 0.5- 
commercial and experimental alloys. CF-8, 
and CN-7MCu alloys were all tested the 
annealed condition (approximately 1950 de- 
grees and water quench). The corrosion specimens 
final polished grit No. 120 emery cloth and 
acetone prior testing; 150 200 
test solution per square inch specimen area was 
Corrosion rates were determined from weight 
data and are reported mils penetration per 
Test periods the autoclaves were approxi- 
eight hours’ duration and each point 
tables curves represents figure averaging 

duplicate tests. Corrosion tests atmospheric 
were conducted wide mouth Erlenmyer 
flasks capacity) equipped with finger type 
Reported corrosion rates are some 
averages five 48-hour test periods. Atmos- 
pressure data are for the most part obtained 

the literature and are presented make the 

picture more complete and for comparison 
the elevated temperatures and pressures. 
materials and their chemical compositions are 


given 


Results and Discussion 

Acid 

Surprisingly high corrosion rates were encountered 
the stainless steels nitric acid 
temperatures and pressures. Figure shows 
practically straight line relationship exists 
plot temperature and corrosion rate. Test 
eight hours were used with the specimens 
closed autoclaves which maintained equilibrium 
for given temperatures. Other tests which 
corrosion periods were varied from four 
showed the rate attack constant. 

Each curve Figure identified with the 
material tested and weight percent the test solu- 
The CF-8* (low carbon, 19% Cr, Ni) 
increase corrosion rate with increasing 
concentration and temperature. The autoclave 
results indicate that titanium will resist corro- 
temperatures excess the 345 degrees 
temperature used the studies. High silicon iron 
some its corrosion resistance hot dilute 
acid and shows appreciable rates dilute acid 
above the boiling point. Poor re- 
thermal shock and brittleness this alloy 
its use applications involving rated 
and pressures and the present high cost 
limited supply precludes use titanium except 
cases. Other tests indicate that zirconium 
ight also suitable but this metal also ex- 
The improved resistance the CF-8 and 
7MCu alloys over the CB-30 (18% Cr) alloy 
indicates that nickel beneficial improving the 
resistance stainless steels elevated 


* Alloy 


ing Institute designation. 
test mat: 


ials, 


AQUEOUS 


See Table I for composition of 
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Figure 5—Assembled and exploded views experimental auto- 
clave. Wrench, working table and tongs for assembling and handling 
autoclaves. 


Figure autoclaves with temperature and pressure control 
equipment. Barricades removed. 


Figure 7—Instrument panel for temperature and pressure recording and 
controlling. 
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Figure 1—Exploded view experimental autoclave with Pyrex 
glass liner. 


Figure 2—Experimental autoclave with Teflon liner. 


Figure 3—Exploded view 3-liter experimental autoclave with glass 
liner and Teflon cover sheet and gasket. 


Figure 4—Assembled view 3-liter experimental autoclave 
auxiliary equipment including barricades. 
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cushion against which the bolts are 
once the head (also carbon steel) screwed 
place. The autoclave Figure equipped with 
Teflon liner which machined from solid bar and 
designed with flanged top for 
arrangement provides complete protection 
body the Although slight modifications 
design are being made some new 
they are essentially illustrated Figure 

Figure exploded view 3-liter capacity 
autoclave equipped with Pyrex glass liner 
thermocouple well protection sleeve. Teflon 
used protect the autoclave lid and provide 
gasketing for the fittings and closure. The pressure 
tube the gage contains Teflon diaphragm for 
activating the gage and for protection the gage 
The autoclave body and lid are cast from alloy 
CN-7MCu (see Table for compositions 

Figure assembled view the 3-liter auto- 
clave and control equipment. The autoclave im- 
electric heater. Exhaust hoods 
vide protection the operator. 


Figure includes some exploded and 
views several autoclaves. These units are 
cast from either CN-7MCu CF-8M alloys. 
shows the 3-liter and the 1-liter units operating 
position. Four units are heated 
bath and thus require only one unit equipped 
for temperature measurements. The 
heating bath and suitable controlling The 
actual test temperature measured thermocouples 
which are placed the thermocouple wells the 
autoclaves. Small stainless steel tubes carry the lead 
wires the instrument panel which contains the 
temperature recording and controlling equipment. 
Pressure measurements are made means 
tube type pressure gages. 
gages are connected the autoclave means 
heavy stainless steel tubes pressure lines. Loops 
the pressure lines the gage ends maintain 
cient head support suitable liquids the pressure 
gages and thus protect the gages 
Valves and pressure connections for releasing 
applying pressures are provided for the autoclave 
sides the loops. front view the instrument 
panel illustrated Figure The barricades are 
operating position. 


TABLE Metals and Alloys 


PERCENT ELEMENT 


Metal or Alloy | — 


Titanium...... 


* This Alloy Casting Institute designation covers alloys conta‘ 18 to 
22 percent Cr, 21-31 percent Ni, 0.07 percent C max. and varying “mounts” 
Si. Mo and Cu. There are several proprietary alloys that fall withi: this ae 
position range. The composition listed the above table for 
alloys known as Durimet 20. All tests included in this paper for CN-7M\! 
were made on this alloy. This does not mean that all CN-7MCu alloys ¥® 
show the same corrosion resistance. 

+ All tests made on Duriron. 
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Specimen Preparation and Corrosion Testing 


Corrosion specimens approximately 0.5- 
inch 0.25-inch, were prepared from castings 
commercial and experimental alloys. CF-8, 
CF-8M and CN-7MCu alloys were all tested the 
quench-annealed condition (approximately 1950 de- 
and water quench). The corrosion specimens 
were final polished grit No. 120 emery cloth and 
acetone prior testing; 150 200 
test per square inch specimen area was 
Corrosion rates were determined from weight 
loss data and are reported mils penetration per 
year. Test periods the autoclaves were approxi- 
mately eight hours’ duration and each point 
the tables curves represents figure averaging 
several tests. Corrosion tests atmospheric 
pressure were conducted wide mouth Erlenmyer 
(1000 capacity) equipped with finger type 
condensers. Reported corrosion rates are some 
cases averages five 48-hour test periods. Atmos- 
data are for the most part obtained 
literature and are presented make the 
picture more complete and for comparison 
with the data elevated temperatures and pressures. 

Test materials and their chemical compositions are 
given Table 


corrosio! 


Results and Discussion 
Nitric Acid 

Surprisingly high corrosion rates were encountered 
for the stainless steels nitric acid slightly 
elevated temperatures and pressures. Figure shows 
that practically straight line relationship exists 
the plot temperature and corrosion rate. Test 
periods eight hours were used with the specimens 
closed autoclaves which maintained equilibrium 
pressure for given temperatures. Other tests which 
the corrosion periods were varied from four 
hours showed the rate attack constant. 

Each curve Figure identified with the 
material tested and weight percent the test solu- 
tion. The CF-8* (low carbon, 19% Cr, Ni) 
marked increase corrosion rate with increasing 
acid concentration and temperature. The autoclave 
test results indicate that titanium will resist corro- 
sion temperatures excess the 345 degrees 
temperature used the studies. High silicon iron 
loses some its corrosion resistance hot dilute 
nitric acid and shows appreciable rates dilute acid 
temperatures above the boiling point. Poor re- 
sistance thermal shock and brittleness this alloy 
its use applications involving elevated 
temperatures and pressures and the present high cost 
and limited supply precludes use titanium except 
lor special cases. Other tests indicate that zirconium 
might also suitable but this metal 
The improved resistance the CF-8 and 
alloys over the CB-30 (18% Cr) alloy 
nickel beneficial improving the 
Corrosion resistance stainless steels elevated 
temperatures. 
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Figure 5—Assembled and exploded views experimental auto- 
clave. Wrench, working table and tongs for assembling and handling 
autoclaves. 


Figure autoclaves with temperature and pressure control 
equipment. Barricades removed. 


Figure 7—Instrument panel for temperature and pressure recording and 
controlling. 


CORROSION RATE MILS/YR 


400 


Figure 8—Corrosion some cast metals and alloys nitric acid, 


CB-30 (20 Cr, Ni, 0.30 C); CF-8 (19 Cr, Ni, 0.08 C); CN-7MCu* 
(20 Cr, Ni, 2.5 Mo, 3.5 Cu, 0.07 C).* 
*See footnote Table 


3-20 Mils 


°F. 


0-5 Mils Per Yeor 


Per Cent Nitric Acid 


Figure 9—Corrosion Type CF-8 cast alloy (19 Cr, Ni, 0.08 
nitric acid function temperature. 


streamlined and condensed summary available 
function temperature shown Figure The 
lines this figure are iso-corrosion lines and they 
delineate regions wherein corrosion rates less 
than mils, between and mils, etc., would 
expected. The atmospheric pressure boiling point 
curve shown for reference purposes. The curves 
the right and below atmospheric boiling are for tests 
conducted atmospheric pressure. The curves the 
left and above atmospheric boiling temperatures are 


for tests conducted closed autoclaves where the 
equilibrium pressure for the corresponding tempera. 
ture developed. This method plotting shows 
glance the performance expected alloy 
any temperature acid concentration. For ey. 
ample, CF-8 has exceptional resistance all 
centrations nitric acid all temperatures 
and including the boiling point except for hot acids 
very high concentrations and fuming acid much 
over 100 degrees temperatures above the nor- 
mal boiling point the corrosion rate increases rapidly 
with acid concentration. Similar charts are being 
constructed for other materials and other 
media. 


From comparison the two sets data identi- 
cal temperatures and acid concentrations, and 
percent acid the boiling temperature, seen 
that higher corrosion rates are developed the 
autoclave specimens. known that nitric acid 
decomposes form nitrous acid and oxides 
Nitrous acid very unstable but will 
build equilibrium concentration the nitric 
acid when the acid confined pressure systems 
such the autoclaves used this study. be- 
lieved that the nitrous acid responsible for least 
part the increased corrosion the autoclave tests 
compared tests conducted atmospheric pres- 
sure. This belief substantiated marked 
tions corrosion rates the autoclave specimens 
when urea added the nitric acid when oxygen 
pressure applied. Both these methods iend 
eliminate nitrous acid from the system; urea reacts 
with nitrous acid form water, carbon dioxide and 
nitrogen; oxygen oxidizes the nitrous acid nitric 
acid. Applied pressures argon, hydrogen 
gen have little effect the corrosion rate. better 
knowledge the properties nitric acid and the 
decomposition products nitric acid would 
great value studying the inhibitor problem 
designing special alloy for elevated temperature 
and pressure applications. 


Corrosion charts for high silicon iron and titanium 
are shown Figures and 11. The symbols 
Figure and subsequent figures represent the 
lowing corrosion rates: 


Corrosion Rate Mils 
Penetration Per Year 
0-5 
5-20 
200 
200 and over 


Symbol 


Except for changes symbols and corrosion rate 
ranges, this method presenting corrosion data 
identical the method developed George 
Nelson the Shell Development Company. 

The boiling point curve atmospheric pressure 
shown the left chart (pressure autoclave tests) 
for reference purposes only. 

High silicon iron shows excellent 
nitric acid all temperatures 
except for dilute acid where some attack occurs jus! 
below boiling atmospheric pressure and consider 
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able attack the higher tempera- 
tures and pressures. Titanium 
shows excellent corrosion resist- 
ance even the higher tempera- 
tures shown Figure 11. 

The above tests indicate the 
need for alloy development and in- 
hibitor studies for applications in- 
very strong nitric acids 
nitric acid elevated temperatures 
and pressures. Preliminary studies 
made along these lines CF-8 
and show some promise 
mitigating corrosion the use 
inhibitors. 


Phosphoric Acid 


The austenitic 
are, general, quite resistant 
phosphoric acid all concentra- 
weight and all temperatures 
and including the normal boil- 
ing point the acid. Above 
percent acid concentration these 
alloys many cases lose their cor- 
rosion resistance. This particu- 
larly true for specimens exposed 
boiling acids illustrated 
the atmospheric pressure tests 
Figure for CF-8. Alloy CF-8M 
performs better than 
CF-8 alloy the higher acid con- 
centrations, but also vulnerable 
the more concentrated acids 
the higher temperatures shown 
Figure 13. CN-7MCu type al- 
loys are more resistant than the 
CF-8M alloy, but are 
ciently resistant fill the gap for 
the very strong acids near the boil- 
ing points. Figure shows corro- 
acid, 

The data for the pressure tests 
show again, the case CF-8 
nitric acid, the pronounced ef- 
corrosion. the alloys tested, 
CF-8 was most affected the 
acid increased temperature and 
While alloy CF-8M 
showed rapid increase rate 
temperatures above the normal 
boiling point the acid, relatively 
low rates were encountered the 
boiling point. The alloy 


performed somewhat better than CF-8M. 

Inhibitor studies are progress present ex- 
tend the usefulness the less expensive alloys. Fig- 
ures and indicate that the addition copper 
phosphoric acid effective 
the corrosion the CF-8 alloy. The corro- 
CF-8 reduced from 10,000 mils 


CuHPO, 


sion Tate 


CORROSION AQUEOUS SOLUTIONS 


Tests Tests 


Pressure 


Per Cent Acid Concentration Weight 


Figure 10—Corrosion 14.5% silicon iron cast alloy nitric acid. 


Tests Tests 


Pressure 


Pressure 


Per Cent Acid Concentrotion 


Figure 11—Corrosion cast titanium nitric acid. 


Tests Atmospheric Pressure Tests 


Temperature (°F) 


2- 0.04% “ 
(Cu added CuHPO, 


Concentration Weight 


Per Cent 


Figure 12—Corrosion Type CF-8 cast alloy (19 Cr, Ni, 0.08 phosphoric acid. 


per year the addition 0.03 percent copper 
percent acid 270 degrees These are only 
preliminary results and considerable amount 
testing must done extend these data. The in- 
hibiting effect copper believed result from 
complex copper ion and the general trend the 
curves wou'd indicate anodic inhibitor. Note the 
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Tests Atmospheric ressure Tests 


(°F) 


Per Cent Acid Concentration Weight 


Figure 13—Corrosion Type CF-8M cast alloy (19 Cr, Ni, 2.5 Mo, 0.08 phosphoric acid. 


Figure 15—Effect copper ion corrosion 

Cr, Ni, 2.5 Mo, 3.5 Cu, 0.07 C); CF-8M (19 

0.08 C). 


increase rate for all three 
the lower concentrations copper; 
CN-7MCu alloy corrodes very littk 
when copper absent from the 
solution. 


Temperature (°F) 


Acetic Acid 
The CF-8 type cast alloys are 
quite resistant acetic acid 
concentrations 
Figure 14—Corrosion Type CN-7MCu cast alloy (20 Cr, Ni, 2.5 Mo, 3.5 Cu, 0.07 the normal boiling point 
the acid. the boiling temperature 
the CF-8 alloy exhibits 
passivity. This more pronounced the higher aci 
concentrations and very strong acids 
nomenon operates temperatures somewhat below 
the boiling point the acid. Alloys 
TABLE CN-7MCu are resistant all concentrations all 


Corrosion Type CF-8 Cast Alloy Acetic Acid temperatures and including the boiling point 
(19.3 Cr, 9.7 Ni, 0.07 temperatures above the normal 


Per Cent Acid Concentration Weight 


PER YEAR glacial acid. Corrosion rates may vary 


eee | Acetic | Acetic Acetic TABLE III 
Corrosion Type CF-8M Cast Alloy Acetic Acid 
(19.6 Cr, 10.3 Ni, 0.07 2.5 Mo) 


: | Glacial 75 Percent | 3() Percent 
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Tests Pressure Tests 


Table CF-8M much more re- 


and shows much stronger 


tendency becoming passive 


glacial acetic acid 400 degrees 


may exhibit corrosion 


rates ranging from zero approx- 


imately mils per year. Data 


concentrations and tempera- 


are scattered for discus- 

this time. Future tests will 
toward data the type 
suitable for showing the ranges 
Figure 


Sodium 


The stainless steels are resistant sodium 
all concentrations below percent 
all temperatures the boiling point. 
the concentration increased over 
the CF-8 alloy shows decrease corrosion 
Alloys and both exhibit 
corrosion rates with increasing tempera- 
The CN-7MCu alloy much superior the 
type alloys all concentrations caustic 
Tests temperatures slightly above the normal 
boiling points aqueous sodium hydroxide solu- 
tions show substantial increases corrosion rates 
for the CF-8, CF-8M and CN-7MCu alloys. Figure 
the data observed for the CF-8 alloy 
typical also the CF-8M alloy. Note that the 
percent, are more corrosive than the and per- 
concentrations similar temperatures. Both the 
and CF-8M alloys showed severe undercutting 
por sub-surface corrosion and percent caustic 
425 degrees This effect was noted lesser 
360 degrees the same concentrations 
caustic. Specimens displaying this “sub-surface” 


Figure 16—Corrosion Type CF-8 cast alloy (19 Cr, Ni, 0.08 sodium hydroxide. 


Per Cent Concentration Weight 


corrosion maintained bright surface films metal 
which could peeled off reveal layer corro- 
sion product. Longer exposure times, excess 
the 20-hour test periods used these studies, would 
probably destroy the surface film. 

Preliminary tests CN-7MCu show that this 
alloy very resistant and percent caustic 
temperatures 350 degrees which were the 


most severe tests made. 
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Magnetic Amplifier Controls for Rectifier Pro- 
tecting Underground Metallic Structures 
Cathodically. Oliver Henderson. CORRO- 
SION, Vol. No. 216-220 (1953) July. 


Discussion Daniel Werner, American Tele- 

phone and Telegraph Co., Kansas City, Mo. 
Mr. Henderson indicates his paper that the ampli- 
fier was designed give power amplification 
12,000. The power activate the amplifier ob- 
tained from the changes the potential between the 
cable and the waterpipe. These changes potential 
are caused changes the load the electric 
railway system and these changes occur various 
rates. indicated that potential change 0.2 
volt cable-to-waterpipe (the waterpipe-to-earth po- 
tential variation small compared the cable-to- 
earth potential variation) sufficient swing the 
amplifier from its minimum output its maximum 
output. 

Magnetic amplifiers not have instantaneous 
response time far the input and output con- 
cerned and the power gain 12,000 possible only 
the potential change 0.2 volt sustained for 
time period about one second. the potential 
changed 0.2 volt instantaneously and the potential 
was sustained, the cable-to-earth potential would be- 
come positive for part second until the ampli- 
fier would have time react and the output current 
increase sufficiently make the cable negative with 
respect earth. The rate change the railway 
currents the installation made Mr. Henderson 
was apparently slow enough that positive 
cable-to-earth potential flashes occurred they were 
not picked the recording meter (the recording 
meter used sampled the cable-to-earth potential 
5-second intervals). 

For those interested design the following infor- 
mation will value. Suppose that the structure- 
to-earth potential maximum +1.0 volt without 
drainage and amperes required make the 
structure-to-earth potential —0.1 volt. With stray 
current the minimum output the magnetic ampli- 
fier would set 1.0 ampere and the structure-to- 
earth potential would volt. Suppose stray 
current now starts and increases its maximum 
value certain rate. desired that the structure- 
to-earth potential never becomes positive earth. 
potential change 0.1 volt the structure-to- 
earth potential can thus allowed. positive 
structure-to-earth potentials are avoided the 
power delivered the input the amplifier while 
the structure-to-earth potential changing from —0.1 
zero must sufficient swing the output the 


magnetic amplifier from ampere amperes 
the time interval takes for the stray current 
increase its maximum value. will thus 
seen that the potential change 0.1 volt and 


volts must used designing the amplifier system 
The above discussion and Mr. Henderson’s 
assumes that the reference electrode make 


with the earth the same material the 
itself. 


Reply Oliver Henderson: 
true that the high gain the magnetic 
fier achieved somewhat the expense respons] 


time, which however the order only 
few seconds. Since most the important 


cable-to-earth potential have periods 
the rectifier control inconsequential. 


Kel-F Applications Corrosive Systems. 
Vol. No. 100-102 (1953) Mar. 


Question Robert Lee, National Lead 


Titanium Div., South Amboy, J.: 


liquid TiCl, handling, 278 degree: 


have used both Kel-F and plasticized Kel-F shed 
material with success. Early Kel-F oils, 


were soluble cold liquid. Have you any 


developments oils greases which have 
corrosion resistance this medium? 


new formulations oil and greases are 
able yet. 


Question Gustave Heinemann, 


Chemical Corp., Corpus Christi, Texas: 
Can you give any information regarding 
permeability gaseous chlorine Kel-F 
diaphragm formulations? 


Chlorine does diffuse through both plasticized 
unplasticized Kel-F. However, there 
reaction between the Kel-F and the chlorine. 


Question William Ashbaugh, 3218 Ave. 

Galveston, Texas: 
your table which showed the resistance 
various chemicals you noted the results 
“no effect.” what means did you measure 
resistance the plastic, weight volume 
mechanical measurements 


meth 
meth 

mini 


Effe 
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What the maximum temperature which 
can used? 


“No effect” was determined there being 
evidence attack the carbon steel. 


Under suitable conditions, unplasticized Kel-F 
Plasticized material has been used satisfactorily 


some applications high 150 degrees 


effect 
thus 
not 
contact 
tructure 


Polarization Telephone Cable 
Buried Through Salt Bed. Daniel 
Werner. CORROSION, Vol. No. 232-236 
(1953) July. 


Remarks Rayner, Michigan Bell Telephone 
Detroit, Mich.: 
this paper which presents null 
measuring current flow along cable 
sheath special interest. simpler than the 
now generally use which requires deter- 
the resistance the cable sheath between 
points from tables. 


tuations 
the par 


ms. 


Co, 
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Discussion Daniel Werner: 


There are some types cable which are designed 
buried the ground which have coverings 
steel tapes galvanized armor wires and addition 
the types cable known tape armored wire 
armored cable have cushion jute between the 
lead sheath and the steel tape armor wires. 
the coverings are applied over the lead sheath the 
manufacturing process all layers jute, steel tape 
armor wires are placed around the lead sheath under 
flow hot asphalt. The latest type steel tape 
covered buried cable does not have the jute cushion 
but alternate layers lead tape and paper tape in- 
stead for lightning protection reasons. these types 
cables the wires which are used connection with 
obtaining the millivolt drop along the cable are 
soldered, for construction reasons, only the out- 
side steel tapes armor wires. Tests have indicated 
that the resulting resistance the steel tapes 
armor wires over the thirty foot section bridged 
the test leads not constant quantity and must 
determined field tests for each test location. For 
this reason the null method outlined Appendix 
has been found the most practicable method 
quickly determining the amount current flowing. 


TECHNICAL NOTE 


Inhibited Interleaving Tissue 


Prevents Water Staining 
Aluminum 


Addition 1.5 percent sodium chromate 
dry weight tissue paper used for interleaving 
aluminum sheets packed unoiled effectively controls 
water staining, experiments Lacy and 
Everhart the Kaiser Aluminum and Chemical Cor- 
poration Division Metallurgical Research show. 


Water staining has been particular problem of. 
the aircraft industry where quantities aluminum 
sheets are stored. While discoloration the surface 
important from the standpoint appearance. 
Kaiser’s investigations did not indicate 
cantly affected the strength the material. Alloys 
tested were and 24S-F. 


The development protected patents. 


Figure 1—Panels from test packs exposed 30-day high humidity 
test. Top—No interleaving tissue. with untreated 
tissue. with tissue impregnated with inhibitor. 
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Joint Symposium 
Cathodic Protection 


Postpaid members ECS and 
NACE, per copy............ 


all others, per copy. 


Bibliographic Survey 
Corrosion, 1945 
Postpaid NACE members, 
others, not NACE members, 


Bibliographic Survey 
Corrosion, 1946-47 


Postpaid NACE members, 


others, not NACE members, 


1945 and 1946-47 
Bibliographies Combined 
Postpaid NACE 9.00 
others, not NACE 12.00 


BOOKLETS 


Control Pipe Line 
Per Copy, postpaid.......... 1.25 


more copies one address, 
per copy, $1) 


Report the Correlating 
Committee Cathodic 


Protection 

100 copies, each........ 
More than 100 copies, 
Postpaid 


Symposium Sulfide 
Stress Corrosion 
Publication 52-3 
Per Copy, postpaid............ 1.00 


more copies one address, 
per copy, 50c) 


NACE Committee Directory 
Publication 52-2 
Per Copy, postpaid, 
(Non-members NACE, $2) 


1.00 


Publication 50-1 
Postpaid NACE members, per 
others, not NACE members, per copy................. 


TP-2 First Interim Report Galvanic Anode Tests 


Publication 50-2 
Postpaid NACE members, per copy.................... $308 
others, not NACE members, per copy................ 


TP-1 Report the Field Testing Alloys 
the Flow Streams Seven Condensate Wells 


Publication 50-3 
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Second Interim Report TP-6G—Surface Preparation 

for Organic and Other Coatings. Publication 53-1. Per 

more copies one address, per copy, 50c) 

Report TP-5C Sub-Surface Corrosion Alkaline Solutions.* 

“Stress Corrosion Cracking Alkaline Solutions.” Publication 

Report TP-1 Sour Oil Well Corrosion, per 

Available only limited supply. 

pplas 

Cathodic Protection and Pipe Lines CORROSION 
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Plastic Piping for Electrical Conduit 


Corrosive Atmospheres 


FLOURNOY* 


plastic materials for tanks, piping sive industrial atmosphere this plant. Sulfur di- 
and ductwork has increased rapidly dur- oxide and hydrochloric acid fumes cause ordinary 
the past few years. Furthermore, because the metal fail after exposure from few months 
metal electrical conduit corrosive year. 
new field for the use plastic piping Plastic piping has proved this instance, least, 
developed. Plastic has many advantages and means successfully solving long-standing cor- 
when used for electrical conduit rosion problem. 
Corrosion resistance rigid polyvinyl, styrene 
and glass fiber reinforced polyester plas- 
excellent for many corrosive environments and 
pipe and fittings are available several 
ion plastic materials which can used conduit. 
conduit can bent heating 200-225 
and weighs about one-fourth much 
steel, making handling and installation 
the smooth surface the interior Figure 1—Corroded steel conduit and fixtures corrosive industrial 
piping makes drawing electrical wiring 
relatively easy. The conduit does not 
regular maintenance exterior painting and 
The usual limitations plastic materials apply 
plastic conduit. Structural strength lower than 
steel and requires support approximately 
ly, four feet and even when supported tends 
slightly. 
Finding corrosion resistant supports 
July, for plastic piping problem although molded 
ber phenolic outlet boxes and certain other 
are available. 
relatively easy thread piping for joints 
the threaded joints are subject notch sensi- 
and fracture. 
ture polyvinyl and fire resistant grade styrene 
are available. Polyester plastics are in- 
The question fire resistance may cause 
negotiations for insurance and under- 
approval. 


For over year plastic conduit system has been 
service one plant. The installation has been 
that additional plastic conduit being 


replace metal conduit fails the corro- 
Figure 2—Rigid chloride conduit and coated electrical fixture 


Products Refining Co., Argo. replacing steel conduit. 
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Corrosion Session Held for Foreign 


Chicago Officers 


Chicago Section NACE has elected 
new officers. Ewing, Standard 
Oil Company Indiana was elected 
chairman; Lindberg, Sinclair Re- 
search Laboratories, Inc., was elected 
vice-chairman; Petersen, Swift 
and Co., was elected secretary; and 
Flournoy, Corn Products Refining 
Co., won the treasurer’s post. The elec- 
tions were held May. 


Martin Appointed 


Martin the Plantation Pipe 
Line Co., Atlanta, Ga., has been ap- 
pointed the NACE South East Region 
Trustees the representative 
from the Atlanta Section. 


Corpus Christi Holds 
Largest '53 Meeting 


The largest attendance more than 
year, persons, marked the Corpus 
Christi Section June meeting. John 
Nee, Briner Paint Manufacturing Co., 
Corpus Christi, was the program 
technical speaker. part the pro- 
gram, several copies paper, 
line Resistant Tank Coatings,” 
Cranmer were distributed. 

Program Preference Survey blanks 
have been distributed section members 
programs with the widest appeal may 
arranged. order gain better 
knowledge the type work section 
members are engaged in, each person 
asked classify his job both the 
industry and the type job has. 
The survey blank accompanied 
stamped envelope, addressed 
Pfrehm, section secretary-treasurer. 


Sabine-Neches Section 


The Sabine-Neches Section has elected 
officers for 1953-54 follows: Charles 
Ridenour, chairman; Crawford 
Chaisson, vice-chairman and Charles 
Huddleston, Jr., secretary-treasurer. 
Monthly meetings have been discon- 
tinued for the summer and will re- 
sumed September. 


Brooks Resigns 


Brooks, The Dow Chemical Co., 
Freeport, Tex. has resigned Corro- 
sion magazine correspondent represent- 
ing the chemical industry. Mr. Brooks 
has been member the National As- 
sociation Corrosion Engineers since 
1948. Mr. Brooks also resigned pro- 
gram chairman Houston Section, be- 
cause the press other business. 


NACE MEETINGS 
CALENDAR 


Sept. 
16—Los Angeles Section. 


Oct. 
7—Southern New England Section. 
20—Baltimore Section 


Regional Meetings 
Oct. 
7-9—South Central Region. Mayo Hotel, 
Tulsa, Okla. Technical Committee 
meetings. Technical program oil 


fining. 

Nov. 

12—South East Region. Birmingham, 
Ala. 


19-20—Western Region. Biltmore Hotel, 
Los Angeles, Cal. Technical Com- 
mittee meetings, Symposia 
finery and aircraft corrosion. 


Bachman Resigns 


Bachman, The Davison Chemi- 
cal Corp., Baltimore, Md., has resigned 
from the Publication Committee the 
National Association Corrosion Engi- 
neers because the lack available 
time devote committee work. Mr. 
Bachman past Director NACE 
representing active membership, and has 
been member the Publication Com- 
mittee for several years. joined 
NACE active member 1946. 


Meeting Porcelain 
Enamel Institute Set 


The Porcelain Enamel Institute will 
hold its 1953 Annual Meeting the 
Greenbrier, White Sulphur Springs, 
Sept. 30-Oct. according John 
Oliver, Institute Secretary. 

Featured will two general sessions: 
Progress For Our Industry, held 
Wednesday, Sept. 30; and, New Uses 
for Porcelain Enamel, held Thurs- 

The society now receiving applica- 
tions for the Research Fellowship post 
the National Bureau Standards. 
George Warren, who held the post 
has left for employment private in- 
dustry. The Fellowship involves close 
work with the Enameled Metal Section 
the bureau and with various labora- 
tories industry. Edward Mackasek, 
managing director, Porcelain Enamel 
Institute, Inc., 1346 Connecticut Ave., 
W., Washington C., receiv- 


ing the applications. 


Technical Sessions 
And Plant Tours Are 
Arranged Houston 


Corrosion specialists from 
eign countries were present 
July the Rice Hotel, Houston 


South Central Region members 


National Association Corrosion 
gineers presented program 
sion. The twenty-two scientists were 
tour the United States 
ing what industry this country 


doing combat corrosion. The 


was sponsored the Mutual 


Agency. 


The visiting scientists heard 


tection Service, Houston 


Petroleum Co., Bartlesville, 


designing against corrosion 


tic Refining Co., Dallas oil 


tion corrosion and 


Parker Rust Proof Co., Dallas and 


Parr, Parkerizing Texas, Inc., 
spoke surface preparation 


and coatings. 


Plants Are Visited 
The morning session the Rice 


was devoted the technical talks 
comments and questions and the 
noon tours Houston area 
After lunch the group went the 
Bros. pipe coatings plant where 


Mayes conducted them through 
crew applying Bitumastic and 
paper pipe, holiday inspection; 
coated with concrete for negative 
ancy, coating being removed from 
pipe for reconditioning 
Tube-Kote, Inc., plant Lam 


Heinen conducted the 


the coating plant. The engineers 
all the operations involved this 
process from the unloading the 
pipe the inspection the 
the inside. 


Walter Rogers Presides 


Walter Rogers, Gulf Oil 
NACE president, presided the 


ing session. Following 
ing address, members NACE 
were introduced the 


Doremus then gave talk 


trated with slides the 


plied buried and submerged 


metals used oil refineries and 


the importance location, process 


medium designing apparatus for 


marks with short history 


and the NACE 


Committee No. His 
(Continued Page 12) 
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Confirms 
Wisdom Houston's 
Schedule 


Any misgivings officers the Hous- 
ton Section had about holding summer 


were dispelled the first sum- 


mer meeting July Kelley’s Res- 
Attendance was above the aver- 


most regular meetings. There 


were guests and members present. 
Members heard John Nee Corpus 
Christi speak “New Developments 


Field.” 


One such new development was the 
alkyds. These paints are low solids 


cation, mastics are sometimes added, 
Mr. Nee said. Use chlorinated rubber 
tions, silicones and various other com- 
paints were described. Sam- 
ple panels the various coatings were 
circulated through the audience. 

One unusual use for neoprene paint, 


gain coating thickness per appli- 
q 
q 


tanks intermittent service. The neo- 
fills the cracks between staves 
tank and even when the tank re- 
mains dry for long periods, the wood 
will not shrink, hence the tank will not 
when fluids are put into it. Mr. Nee 
his talk with slides showing 
exhaust stacks service tem- 


had display, jars raw paint 


materials. 

Members were told the section’s 
get new corporate member- 
for the National Association. Chair- 


Sharpe said the goal for the 


has been set 75. This equals 
goal set for the entire NACE or- 
“We believe the Houston 
can attain its goal all members 
give their enthusiastic cooperation,” 
said, 

The section was host NACE mem- 
from other sections and areas. Pres- 
were Victor Kiang, Chinese 
Corp., Kaohsiung, Formosa; 
Lobo, Jr., Fabricas Protexas, 
Monterrey, Mexico, and Frank Whit- 
Monsanto Chemical Co., St. 
Louis, Mo. Mr. Whitney chairman 
the technical program committee for 
1954 conference Kansas City. 


Steam Contamination 
Papers Are Published 


Five steam contamination 
with discussions presented the 
1951 American Society Mechanical 
Engineers Annual Meeting under spon- 
the Joint Research Commit- 
Boiler Feedwater Studies have 
been published under one cover. The 
papers are Correlation Silica 
and Solubility Studies, 
Jacklin and Browar; The 
Amounts Soluble Silica 
Elizabeth Grimm and 
Field Testing Steam Samp- 

Morris and Influence 

Design and Operation Con- 


Ir 
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NBS Corrosion-Related 
Publications Are Listed 


Two National Bureaus Standards 
publications likely interest some 
corrosion engineers are: Publication 
RP2394, Interferometer Procedure 
Applied the Study the Chemical 
Durability Silicates, Enamels and 
Metals, Robert Pike and Donald 
Hubbard, pages, ten cents; and Publi- 
cation RP2395, Transitions and Phases 
Polytetrafluoroethylene (Teflon), 
Charles Weir, pages, five cents. 
Copies may obtained from the Super- 
intendent Documents, Govern- 
ment Printing Office, Washington 25, 


FEDERATED 
METALS 


George Granger Brown 
Give AIChE Lecture 


The fifth annual Institute Lecture 
the American Institute Chemical En- 
gineers will given the annual meet- 
ing St. Louis, Mo., Dec. 13-16 
George Granger Brown, dean the 
college engineering and Edward 
Mille Campbell University Professor 
Engineering the University Michi- 
gan, Ann Arbor, Mich. Dr. Brown’s 
topic will thermodynamics, one 
the fundamental basic studies under- 
lying chemical engineering. Each lecture 
provides comprehensive survey 
some important aspect chemical en- 
gineering prominent engineer. 


Federated’s Corrosion Advisory Service 
offers you, without obligation, new 


report titled, “Cathodic Protection With 


Zinc Anodes,” prepared Ebasco 


OFFERS 

NEW REPORT: 
PROTECTION 
WITH 

ZINC 


Services Inc. for the American Zinc 
Institute. This new publication reports 
additional findings obtained since the first 
report was issued November, 1951. 

you will find important and valuable 
facts that have influence the proper 
applications zinc anodes. Use coupon 
below for your free copy. 


Zinc Anodes are available from Federated 
standard lengths ft. and ft. 

They are cast Special High Grade 
Electrolytic Zinc cross-sections 

sq. in. and sq. in. Each has full length 
chemically-bonded steel core rod. 
Silver-soldered connecting wires can 

attached desired. 


your protection system designed for 
magnesium anodes, ask for the 


Federated “Magnesium 


Anodes for Cathodic Protection.” 


AMERICAN SMELTING AND REFINING COMPANY 


120 BROADWAY, NEW YORK 
In Canada: Federated Metals Canada, Ltd., Toronto and Montreal 


Please send FREE copy 


Cathodic Protection With Zinc Anodes 


COMPANY NAME 


Magnesium Anodes for Protection 


COMPANY 


CITY. 


STATE 


Practice 


CORROSION 


Program Set for Western Region Fall 


Automatic Control Book 


Principles Automatic Control, 32- 
page booklet presenting the fundamen- 
tals automatic control, 
published the Instrument Society 
America. The booklet costs $1.25. The 
society also has published, Proceedings 
the Instrument Society America, 
for 1952. consists complete 
record the 1952 Instrument Con- 
ference and technical papers and 
abstracts. Cost the 350-page book 
$10.00 and $5.00 
members. Both may ordered from 
1319 Allegheny Ave., Pittsburgh, Pa. 


more failures 
collars when 
lined with TK-43. 


ALL Your Pipe 
Against Corrosion 


Fulbright Competition 


Competition for university lecturing 
the Fulbright Awards now underway. 
The positions will open Europe 
and the Near East, Japan and Pakistan. 
Applications for the competition must 
postmarked later than Oct. 15, 
1953, considered. Application 
blanks and more information concerning 
the awards may secured writing 
the Conference Board Associated Re- 
search Councils Committee Interna- 
tional Exchange Persons, 2101 Consti- 
tution Ave., Washington 25, 


are ma- 
chined and lined 
before assembly. 


Rubber-like TK-43 
smooth glass. 
Note thickness lining. 


Even the 


and 


Now you can have your salt water disposal piping sys- 
tems lined for 100% corrosion protection with TK-43, the 


new rubber-like copolymer plastic lining, 


applied the 


collars and couplings well the pipe. TUBE-KOTE 
engineers have perfected method machining and lining 
collars and couplings for full protection. Your disposal pipe 


and flow last longer. 


Salt sand, acid alkali, alcohol sour crude— 
TK-43 resists them all. Stop costly replacements and expen- 
sive down time—use TK-43, applied your new used 


pipe the TUBE-KOTE plant. Get details today! 


Tube-Kote, Inc. 
Box 20037, Houston 25, Texas 


Please send full details your TK-43. 


Name SEND THIS 

Fir COUPON NOW 

DETAILS! 


City. State 
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ubcommittees 
e short 
thr 
Are Scheduled 
the 
Meetings two Technical Practices 
nent NACE men and two 
sions, one refinery corrosion and 
other aircraft corrosion problems cove 
feature the 1953 Western 
ference the National Association 
19-20 the Biltmore Hotel, Los 
geles, Cal. 
Vance Jenkins, the latter formerly aval 
NACE president, will make 
addresses. Technical Practices 
and Gas Well Equipment Coast) 
and Technical Practices 
Protective Coatings will hold meetings Regist 
Plans and arrangements for the Dr. 
gional Conference are being completed, 
order inform NACE members College 
mailed, probably from Angeles the prog 
Cal. about Aug. 15. mailing pine 
programs and registration blanks will 
the middle October. has been 
posed that multiple copies all Goods 
members and other selected larger com- 
panies distributed these firms Kel 
plant bulletin boards. 
Present plans are for registration Stegne 
start about 9:00 am, Nov. 
the two technical practices William 
will made. the afternoon, there search 
three minute talks. the eve may 


ning, fellowship hour will held. 
College, 


Two half-day sessions will 
Nov. 20, one refinery corrosion, 
the other aircraft corrosion. 

Sometime during the conference, 
McConnell will make brief 
nation the benefits NACE 
bership. Membership application blanks 
ship applications will post-dated 
Jan. 1954, will have 
full membership. 


Angeles Corrosion Short 
Nov. 16-18. each 

Nuclear Gas 


the grounds that gas turbines 
most efficient high 
Prof. Farrington Daniels, chairman 
the chemistry department, University 


Wisconsin, believes use 

sion power gas turbines 

sible. eliminate attack tur 

parts oxygen used for com) 

cycle. 
nical 


terial published Corrosion welcon 


“SPA 
; 
practical 
T.M. REG. . ection (4 


August, 1953 


Fundamentals and practical aspects 
corrosion will stressed the basic 
College Texas, College Station, Tues- 

through Friday morning, September 


1953. The course will sponsored 
the South Central Region of_ the 
Association Corrosion Engi- 
romi- neers and the chemical engineering de- 
the general, the following subjects will 
construction, coatings, cathodic protec- 
instrumentation and special topics. 
Nov. feature will small group discus- 
air-conditioned Memorial Student 
available approximately 100 accom- 
modations the Student Center. Res- 
for these rooms will ac- 
tourist courts are close 
mittee 
Registration fee for the course $25. 
will course. Assisting him setting 
Line Co.; Campbell, the 
neers; Charles Gribble, Jr., the Metal 
Corp.; Norman Hackerman, the 
Texas; Gustave Heine- 
Southern Alkali Corp.; Thomas 
rms Kelly, the Mavor-Kelly Co.; David 
Levy, Magnolia Pipe Line Co.; 
Osborn, Dow Chemical Co.; 
Stegner, Tennessee Gas Transmission 
Starr Thayer, consulting engineer; 
Wood, Jr., Products Re- 
wil Service, Inc. Additional informa- 
College Station, Texas. 
yn, and 
Protection 
aynla- 4 
Short Course Topic 
personnel will learn 
installation and maintenance 
protection systems the field 
the University California Los 
ded Corrosion Short Course 
ourse, Subject matter will covered six 
day, three hours the morn- 
three hours after lunch. Course 
concern Basic Electro 
Principles hours), Corro- 
Circuit Theory hour), Corrosion 
hours), Instruments and 
man and Application Cathodic Pro- 
turb persons. will held 813 
St, Los Angeles, Calif. 
The course will held three days 


preceding the Western 
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Texas Corrosion Short Course Scheduled 


Laboratory Work 
Illinois Course Feature 


Laboratory work staff super- 
vision will feature the Short 
Course Cathodic Protection presented 
the University Illinois Cham- 
paign-Urbana, October 12-16. The 
versity’s engineering experiment station 
includes cathodic protection laboratory 
which has been conducting research for 
the past two years. The course jointly 
sponsored the university 
National Association Corrosion Engi- 
neers. 


year. 


With over 100,000 amperes pro- 
tective current successfully de- 
signed and installed ERP, over 
two million pounds steel and mil- 
lions dollars’ worth equipment 


are being saved from corrosion each 


Call this experience when you 
are looking for dependable cathodic 
protection save your maintenance 
dollars pipelines, pressure tanks, 
reservoirs, elevated water tanks, 
water treatment wells 


cargo ship ballast tanks. 


PIPE PROTECTION DIVISION 
ELECTRO RUST-PROOFING CORP. (N. J.) 
BELLEVILLE 


The complete program was published 
Corrosion’s July issue, page 13. 

The course will conducted means 
lectures, demonstrations, laboratory 
work and round table sessions. The ses- 
sions are intended give operating and 
engineering personnel highly practical 
course. college degree not required, 
but knowledge the usual mathe- 
matics used today’s practicing engi- 
neer assumed. Cost the course 
$37.50. additional charge $10 will 
pay for luncheons and the banquet. 
Registration information may ob- 
tained from Newton, supervisor 
Wright St., Champaign, 


NEW JERSEY 


ag 


Non-Technical Events 
For Tour Are Listed 


Non-technical events the 1953 Per- 
mian Basin Corrosion Tour will include 
outstanding speakers after dinner and 
barbecue served the Odessa Chuck 
Wagon Gang. 

Lincoln Hotel, Odessa, will tour 
headquarters. 

Registration fee $17. 

Registration and other information can 
obtained from: John Knox, 
Secretary-Treasurer, The Western Com- 
pany, Box 310, Midland, Texas. Hotel 
room reservations should sent di- 
rectly National Association Cor- 
rosion Engineers, Permian Basin Section, 
care Lincoln Hotel, Odessa, Texas. 
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Exhibits Are Planned for Permian Basin 


PERMIAN BASIN SECTION members are shown here conferring plans for the third biennial 

Corrosion Tour scheduled held September 30-Oct. Left right are John Knox, The 

Western Co., Midland, secretary-treasurer; Thomas Newell, Cardinal Chemical, Inc., Odessa; 

Lamar Sudduth, Stanolind Oil Gas Co., Midland and Kemper, Permian Enterprises, Inc., 
Odessa, members the Corrosion Tour Steering Committee. 


Hear Waldrip 
Odessa Meeting 


Odessa Section members attending 
the June meeting held the Lincoln 
Hotel Odessa, Texas heard Harry 
Waldrip, Gulf Oil Corp., Houston, 
Tex. the technical speaker. 
You Production Corrosion Problem?” 
was the title his talk. Mr. Waldrip 
chairman the NACE South Central 
Region. 

Among the guests present was Lyle 
Sheppard, Shell Pipe Line Corp., 
Houston, chairman Technical Prac- 
tices Sub-Committee No. 
Correlation Data From Operating 
Installations, and Technical Practices 


(Continued Page 


Pre-Heaters Heat Exchangers 
Transportation Equipment 

Reactor Tubes Salt Water Lines 
Also available from Barrows: Ceramic coated stainless 


steel and inconel tubes for external temperatures and 
contamination petro-chemical processes. 


Millions Dollars 
Worth Equipment 
Display 


More than exhibits oil field 
equipment will available for 
Oct. Permian Basin Corrosion 
The 3-day event, the third 
under the auspices the Permian 
Section the National Association 
Corrosion Engineers, expected 
the largest point exhibits and 
tendance the events held far. 
the 1951 Corrosion Tour registrants from 
states and three foreign 
participated. 

The principal advantage offered 
the Corrosion Tour over other meetings 
and over independent 
the same nature that 
through the members Permian Basin 
Section millions dollars oil 
equipment are made available for study 
during the three days. Actually, 
terested investigator can see more equip. 
ment and evaluate corrosion mitigation 
tour than would able cover 
gations. 


Inspections Place 


The tour provides means whereby 
oil field equipment may inspected 
place. Registrants are taken bus 
field locations for the and 
after the inspections the equipment 
mitigation methods are discussed, 

Arrangements for the 1953 tour 
dicate more than exhibits will 
ready for Some the 
ment the same that which has been 
viewed during the two previous 
and many the results years’ 
ice may evaluated. Tanks and 
rods exposed and complete 
tour conducted. Fourteen types 
ment are viewed: including 
troughs, casing, well headers, pipe 
heaters, injection equipment, slip 
corrosion coupons, sucker rods, 
flow lines, treaters and refinery 
ment generally. 

Evidence corrosion the 
scale, the effectivenes 
coatings, paraffin buildup, pitting 
other corrosion effects will seen. 
cluded among the mitigation 
under inspection will plastic and 
vanized coatings, cement and alloy 
ings, alloy and plastic pipe, 
and cathodic protection. 


Many Companies Participate 

The 1951 tour registrants were 
the Shell Oil Company, Continental 
Co., Humble Oil and 
Humble Pipe Line Co., Stanolind 
and Gas Co., Atlantic Refining Co., 
den Petroleum Corporation, Cities 
ice Oil Company, Sun Oil 
Magnolia Petroleum Company, 
Oil Company, The Texas 
Texas-New Mexico Pipe Line 
Richardson and Bass, Amon 
Foundation, and Gulf Oil 


(Continued Page 
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field 
Tour, 
held 
Basin 
ition 
and 
far. 
its from 


igement 


study 

equip. a 

Our New Epon Resin Coating 


“COPON” now giving industry truly remarkable new kind 
ected protection against rust and corrosion from chemical fumes, acids, 
bus caustic,alkali and salt water. And combining its revolutionary 
protective qualities with other such desirable features remark- 
able elasticity, exceptional long life, phenomenal tenacity all 
tour types metals. May give you more facts—or send you sample 
for your own testing? 

refinery 


pumps, 


fort 
ing 
een. 
and 
lloy 


ate 
> able to 
view 


Available Prim- 
ers, Finishing Ena- 
mels and Paints 
all colors. 


acquer 


HOUSTON, TEXAS 


Equitable Gas System and Over 
100 Others Use Roskote and 
Glas-Wrap the “Tough” 
Pipeline Jobs 


Equitable Gas System, covering large 
areas Western Pennsylvania, West 
Virginia and Kentucky, uses non-toxic 
Roskote cold-applied mastic and Roy- 
ston Glas-Wrap. They, well over 
100 other major utilities and pipeline 
companies, know that Roskote and 
Glas-Wrap give pipelines peerless, 


long-time protection. 


Upper Right—An Equitable Gas System 
20” line through rough country. Upper 
Left—First coat Roskote being 
sprayed this line the field, 
primers needed. Bottom—The pipe 
then wrapped with Royston Glas-Wrap 
and given second coat Roskote. 


Not just the easy jobs for Roskote! It’s tough 
enough withstand the abrasion and corrosion 
any soil, keeps its flexibility from -40° 
375°F. without brittleness sag. Utility and 
pipeline companies know they can forget their 
corrosion worries when their pipe ‘‘Ros- 
save time and non-toxic. resists acids, 
alkalies and moisture—has electrical resis- 
tivity megohms per square foot. 


For Complete Technical Information and 
Free Samples Write to: 


ROYSTON 
LABORATORIES, INC. 


BOX 112-E, BLAWNOX, PA. 
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South Central October 7-9 
Feature Committee Meetings, Oil 


Meetings eight technical commit- 
tees and program emphasizing oil 
transportation, production and refining 
are scheduled for the October 7-9 South 
Central Region NACE meeting Tulsa. 
will the second regional meeting 
held Tulsa, the last there being 
1949. The Mayo Hotel will head- 
quarters. 

The arrangements committee, headed 
Hugo, Phillips Petroleum Co., 
preparing for 500 regis- 
trants. entertainment program for 
the 100 more wives expected come 
Tulsa being arranged. 

Besides Mr. Hugo, other members 
the arrangements committee include: 
Registration, Fred Cloninger, Texas 
Pipe Line Corp.; projection, 
Hunter, Service Pipe Line Company; 
field trips, LaFortune, Reilly Tar 
Chemical Co.; finance, Liggett, 
Johns-Manville Sales Co.; local arrange- 
ments, Frank McNulty, Protecto Wrap 
Co.; entertainment, Robert Nee, 
Middle West Coating Supply; pub- 
licity, Williamson, Jr., Wil- 
liamson, Inc. 

Stewart, Sun Pipe Line Co., 
Ewing, Carter Oil Company, Tulsa, co- 
chairman the technical program com- 
mittee have arranged 
cover the latest practical developments 
the battle against corrosion. 
tative program has been outlined 
follows: 


Wednesday, October 


Morning and afternoon meetings 
the following technical committees have 
been arranged: 

TP-1 Corrosion 
Well Equipment. 

TP-6B Coatings for 
Resistance Atmospheric Corrosion. 

TP-6E Protective Coatings Pe- 
troleum Production. 

TP-8A Corrosion Gulf Coast 
Cooling Waters. 

TP-14A—Electrical 
tion Coatings. 

TP-18A Internal Sour Crude Cor- 
rosion Pipe Lines and Tanks. 

Other committees besides these may 
meet also. 


Oil and Gas 


Holiday Inspec- 


fellowship hour will featured in: 


the evening. 


Thursday, October 


Morning: Pipe Line Corrosion Forum, 
Oil and Gas Production Symposium. 
Afternoon: Pipe Line Corrosion 
Forum, Processing Plant Symposium. 
TP-1D Sour Oil Well Corrosion. 
banquet will held the evening. 


Friday, October 


Morning: Oil and 
tion Symposium. 

Casing. 

Noon: Business luncheon. 

Afternoon: General Round Table Dis- 
cussion Oil and Gas Transportation. 


String 


Achema Meeting Set 
1955, the ACHEMA Chemical 


Engineering and Equipment Exhibition, 
will held Frankfurt Main, 
Germany, from May 22. 


BOOK REVIEWS 


Recommended Practices for Spot 
ing Aluminum and Aluminum Alloys 
1953. American Welding Society, 
West 39th New York 
Per Copy 

This booklet, prepared the 

Welding Society’s Resistance 

Committee includes sections 

characteristics, surface 

welding schedules, welding techniq 
and defects and causes. 
welding included. 


Corrosion Resistance Copper 
inches, paper cover. 1952. The 
can Brass Company, Waterbury 
Conn. Free. 

This revised second edition 

findings the American 

pany’s technical staff the 
copper and copper alloys. The 
tents include discussion the 
corrosion and types attack, 
discussion the corrosion resistance 
copper alloys and charts which 
ous kinds copper and its alloys 
rated against several hundred 

Anaconda alloys are tabulated 

ber, alloy name, group and 

alloys. 


Hear 


(Continued from Page 


Sub-Committee No. 14A 
Holiday Inspection Coatings. 
derson, Crane Co., Chicago, and 
NACE member was guest. 

The Corrosion Tour held 
are being made and publicity 
and distributed. Steering Committee 
the tour composed Lamar 
Stanolind Oil and Gas Co., 
Texas; John Watts, Humble Pipe 
Co., Midland, Texas; and 
Permian Enterprises, Inc., 
Texas. 


Exhibits— 


(Continued from Page 
Refinery Tour Scheduled 


the modern Cosden 
the refinery tour provided valuable 
formation the effects chrome 
loys for cracking lines, Monel 
mercaptan heaters, cavitation ina 
ugal water pump and water 

Other significant corrosion 
measures used this refinery also 
viewed. This refinery uses the 
from the Big Spring sewage 
treated before use and the 
bronze fittings can used 
the ammonia and other organic 
ter it. 


. 
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Cathodically protected with 


ATIONAL 


TRADE -MARK 


GROUND ANODES 


OMMUNICATIONS, too, have their 

bundles underground wires welding the continent into 

one listening, looking, talking community interest. And the 

lead sheathes that cover these vital lines, like other buried 
metals, are subject damage corrosion. 


bury 


Phe 
general 
ich 
loys 
and 
of these 


prevent this damage and insure dependable, low-cost 
service, leading communications organizations have thousands 


miles buried cable under cathodic using 
“National” Graphite Ground Anodes impressed current 
systems. Result continuing program since 1927, these 
Anode installations may found virtually every 
eld 
SOME THESE JOBS ARE TWENTY YEARS OLD 
AND STILL GOING STRONG! 
you have corrosion problem buried submerged struc- 
ture, don’t paying toll the destructive forces nature. 
Learn the most economical method control consulting 
one the many firms specializing cathodic protection. 
Write for Catalog Section and... 
d 
tour 
STRIKE BACK CORROSION! 
uable 
rome 
Union Carbide and Carbon Corporation 
reatmel i 
NATIONAL CARBON COMPANY 
Division Union Carbide and Carbon Corporation 
East 42nd Street, New York 17, 
| disp al District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
water Si New York, Pittsburgh, San Francisco 
CANADA: National Carbon Limited 
Montreal, Toronto, Winnipeg 
q 
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Five More Kansas City Program Officials Named 


WHO KANSAS CITY PROGRAM| 


Meyer 


Holmberg—Mr. Holmberg, who 
with Alloy Steel Products Co., Lin- 
den, was co-chairman the Chem- 
ical Industry Symposium Chicago 
March, 1953. chairman the 
symposium for Kansas City. 


Hugh Godard—With Aluminium 
Laboratories Ltd., Kingston, Ontario, 
Mr. Godard chairman the Inter 
Society Corrosion Committee, member 
the NACE board directors repre- 
senting corporate members, member 
the association’s Abstract Committee 
and contributor technical material 
Corrosion. Mr. Godard chairman 
the Corrosion Principles Symposium. 


Thomas May—Long active NACE 
affairs, Mr. May the Corrosion 
Engineering Section staff The Inter- 
national Nickel Co., Inc., New York. 
Besides being consistent contributor 
technical material for publication 
Corrosion, Mr. May chairman the 


Lawall Senatoroff 


Weast 


NACE Editorial Review Committee and 
has been member this committee 
for many years. co-chairman 
Kansas City for the Corrosion Prin- 
ciples Symposium. 


Alquist—Mr. Alquist, who with 
Dow Chemical Company, Midland, 
Mich. has contributed technical mate- 
rial Corrosion inhibitors and 
waters. was formerly chairman 
the NACE Editorial Review Committee 
and chairman Technical Practices 
Committee Annual Losses Due 
Corrosion. long time member 
and active association affairs. 
chairman the Cost Corrosion 
Symposium Kansas City. 


Practices Committee Corrosion 
Oil and Gas Well Equipment, was 
co-chairman the Chicago Oil and 
Gas Production Symposium. with 


(Continued Page 16) 


Papers, Discussion 


Are Scheduled for 
Refinery Industry 


Chairmen have been named for 
symposia scheduled the 1954 


City Conference technical program 
These are the last two 
the same time co-chairman for three 
the symposia have accepted 
ments. These virtually complete 
naming officials who will have charg 
the presentation technical 
and discussion sessions. 


The two new chairmen are 


Wade, senior corrosion engineer, 
continental Gas Pipe Line 


tion who will handle the 


Protection Symposium and 


ington, Pipe Line Anode Corp., 
who will have charge the Pipe Ling 


and Underground Corrosion 


Table. 
Co-chairmen named are: 


Chemical Co., Texas City, for the 
Destructive Testing Symposium and 
Sinclair Research 
ratories, Inc., Harvey, for the 


Watkins, 
finery Industry Symposium. 


Symposium Complete 


First symposium completed 
that for the Refinery Industry. 
Tandy, Standard Oil Company 
fornia reported that arrangements 
been made for presentation two 
mal and round table 
One the scheduled papers that 
Bennett, Socony-Vacuum Oil 


refinery industry. The other paper 


Hafsten, Standard Oil Co. 
diana), Whiting, Ind. deals with 


sion refinery equipment 
acid and sludges. 

The papers are scheduled take 
hour’s time and the balance the 
sion will devoted informal 
cussion refinery problems and ther 
solution. 


Other Papers 


Ohio State University plan 


paper nitric acid, the details 
which have not yet 
Several other papers the 
Industry Symposium which this 
will presented are under 
berg, Alloy Steel Products Co., 
Linden, J., chairman the 

The scheme for the Educational 
tures has been outlined 


lectures 


nology, Cleveland: Three 


the topics corrosion fundamentals, 


thodic protection and corrosion 


Two Paint Papers 

Gas Co., Los Angeles, chairman 
Protective Coatings 
two papers have been accepted: 
ratory and Plant Evaluation 


(Continued Page !6) 


The International Nickel Co.. Inc., 
York, for the Corrosion 
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Cali 
TAP 
Oil 
in 
gives protection against corrosion 
You CAN MAKE emergency repairs quickly and coating from cold flow under stress. often applied 
right the field with Johns-Manville over Trantex Tape, for extra protection rocky areas. 
mal Tape. This pipeline protective material Rotary type wrapping machines apply the felt and 
especially suitable for repairing damage enamel Trantex Tape one operation. 


coatings holidays coatings. 


For more details write Johns-Manville, Box 60, New 


Trantex recommended for field coating the joints York 16, Canada, 199 Bay St., Toronto Ont. 
mill wrapped pipe. also has many advantages for 
etails Coating lateral lines and short runs where heavy duty 
warehouse for rush requirements. Dielectric Strength per mil thickness Approx. 
 Holn- il Insulation Resistance, greater than 100,000 100,000 
Trantex Tape easily applied hand simple (ASTM-D-257-49) 

tape, with ; aye # s Adhesion oz. per inch width 30 20 
bonds tightly enamel coatings bare Elongation Break 250% 300% 

primed steel. Trantex Tape provides uniformly high “Trantex” black polyvinyl tape. available two thicknesses 
tals, electrical resistance. *V-10 mil tape for average conditions, and 
testing i **V-20 is a 20 mil thickness for use where a more rugged coating 
Asbestos Pipeline Felt durable shield for specified such repair enamel coatings. 
ted enamels. Proven use for protecting enamel 


q 


Corrosion Sessions— 
(Continued from Page 

ered corrosion sweet and sour oil 
wells and casing corrosion general. 
Carl Moore and Mr. Parr, explained 
the Parkerizing process and showed 
panels which the advantages 
phosphate undercoat were 

general discussion followed the for- 
mal talks. 

The group visiting Houston were part 
group scientists from Western 
Europe brought over the United 
States inspect corrosion mitigation 
practices this country. Prior com- 
ing Houston they had inspected plants 
and talked engineers doing corrosion 
work the East and Middle West. The 
group was divided into segments ac- 
cording special 


Standard 


Corporation 


ANODES 


Some members the group showed 
interest the manner which 
NACE originated and how was or- 
ganized. One the visitors intimated 
that the organization Western 
Europe group similar to. NACE 
was contemplated. 


Foreign Scientists Present 

The visiting foreign scientists were: 

Austria: Arnulf Mathisachitz, Reis- 
chekstrasse 37, Linz/Donau. 

Belgium: Roger DeSmet, 127, Avenue 
Montjoie, Uccle-Bruxelles; Jacques 
Trachet, Gros Tiene, Ohain (Bra- 
bant). 

Denmark: Erland Andersson, Fort- 
gard Alle 18, Kastrup; Arne Andreasen, 
Norregade, Grindsted. 

France: Jean Barbier, rue St. 


*PATENT APPLIED FOR 


Standard Magnesium’s new backfill packaging 
technique insures anode remaining centered the 
chemicals regardless shipping handling. 


For anodes with longer life and greater efficiency insist 


Standard. 


Inquiries Invited 


Represented 


Moorlane Company 
Tulsa, Okla. 
Kansas City, Mo. 
Amarillo, Texas 
Denver, Colo. 
Wichita, Kansas 
Oklahoma City, Okla. 


Midwestern 
Engine Equipment 
Tulsa, Okla. 
Pittsburgh, Pa. 
Atlanta, Ga. 
Chicago, Ill. 
Oklahoma City, Okla. 


Davis 
Los Angeles, Calif. 


Robert Riley 
Miami, Florida 


Midwestern, Inc. 
Houston, Texas 


Spectographically Anodes 
Cylindrical Anodes 
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(Seine Oise). 


Germany: Immanuel 
Gartenweg 11, 
Frich Rabald, Sandhoferstr. 116, 


Mannheim-Wa. 


Italy: 
V-1, Trieste; Enrico Donati, Dalmin 
(Bergamo); Mario Jacopetti, 104, 
Michele Kerbaker, Napoli. 

Netherlands: Claas van 
Kreenen, Laurillardlaan 16, 

Norway: 
Bakkerudvn. 13a, Nordstra 


Oslo. 


Sweden: Gosta Frang, 


Oskarshamn. 


Turkey: Necati Palabiyik 
Fabrikasi, Hazirlik Kont 
Elmadag, Ankara; Rasit Tol 


Ankara. 


United Kingdom: 
well, (OEEC Secretary) avenue Den 
Doorn, Uccle, Brussels, 

NACE members participating were: 

W. F. Rogers, Gulf Oil Corporation, 
Houston, Texas, presiding; Stan Beeler, 
Reynolds Metals Company, 
Co., Dallas; NACE, 


Houston; 


Protection Service, Houston 
Heinen, Tube-Kote, Derk 
Holsteyn, Shell Oil 
Hull, NACE; Kelly, Mavor 


Craver Co., all 

Boyd Mayes, Mayes Brothers, 
Houston; Paul Miller, Texas Pipe Line 
Company, Houston; 
Parker Rust Proof Company, 


Marshall Parker, 


Company, Houston; 
erizing, Inc., Texas, Houston; 

Prange, Phillips Petroleum 
Bartlesville, Oklahoma; 
Humble Pipe Line Company; Lyle 
Sheppard, Shell Pipe Line 
Starr Thayer, Consulting Engineer; 
Waldrip, Gulf Oil Corporation, 


Houston. 


Others present were: John Bach, 
Mutual Security Agency, Washingt 
Research and 
Washington, 
Chemical Petroleum Corp., 
Koski, Mutual Security Agency, Was! 
Security Agency, Washington, 


International Mechanical 
Engineering Congress 
Set for Turin, Italy 


The Fifth International 
Engineering Congress will held 
Oct. 15, 1953, Turin, Italy. 
for the Congress “Production 
Assembly Methods for 
Mechanical Engineering.” 
jective will examine compat 
both from the technical point 
and from the standpoint 
costs, the various methods 
industrialists for the design «nd 
facture components. 


Dominique, Paris (7°); Emile 
chardus, 28, Cours Franklin 
(Seine); Pierre Muffat, rue 
mandant Arnould, Bordeaux (Gironde): 
Pierre Roblin, due 
Vizille (Isere); Jean Tourret, 30, rue 
General Gaulle, Enghien Bains 
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This coupon will bring 


Bach, gineering Service for analysis 
they recommend Inco Nickel 


and suggestions. obligation 


ical 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street, New York 


Please send the High Temperature Work Sheet that may 
outline problem you. 
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8-53 


ASSOCIATION CORROSION ENGINEERS 


Technical Program High Alloy Castings 
Held Inco Harbor Island Station 


technical program devoted dis- 
cussions high alloy castings high 
temperature and corrosion applications 
was given May 12-14 the Harbor 
Island Corrosion Testing Station the 
International Nickel Company, Inc. At- 
tending were members the Alloy 
Casting Institute and representatives 
companies manufacturing industrial fur- 
naces and other products using high 
alloy castings. 

First day was devoted develop- 
ments the field corrosion resis- 
tance, with LaQue, head the 
Inco corrosion research section, dis- 
cussing alloys for use sea water. 
Shoefer, executive vice-president the 
Alloy Casting Institute, then explained 
the importance specifying cast alloys 
with designation system based the 
chemistry the cast materials. 
pointed out some castings users desig- 
nated alloy types AISI numbers 
which apply wrought materials only. 
Wilcox, chief metallurgist for 
Michigan Steel Casting Co., pointed out 
that the corrosion resistance cor- 
responding grades wrought and cast 
alloys about the same although the 
higher silicon content cast materials 
results slightly greater corrosion 
rate nitric but somewhat lower rate 
than wrought sulfuric, phosphoric and 
certain organic acids. 


Surface Finish Effects 
Allen the Worthington Cor- 


Shown above welded tubing. 
This small-diameter tubing easily bent 


and flared to exact tolerances. It may » © 
be welded to itself or other metals, and 
retains its bright finish service. 

Crit 


to 


poration said his company investigat- 
ing the effect surface finish cor- 
rosion resistance cast and wrought 
alloys. Initially, said, attempt will 
made isolate significant factors, 
such porosity and microstructure, 
carbon content, and the effect dif- 
ferent types foundry sand. 

Three primary methods avoiding 
intergranular corrosion were discussed 
John Juppenlatz, chief metallurgist 
for Lebanon Steel Foundry. These are, 
solution heat treatment, which assures 
complete solution carbon; use 
stabilizing elements such columbium, 
tantalum and titanium, 
carbon content less than 0.04 
percent. 


Other Corrosion Effects 
Luce The Duriron Com- 


pany said service data indicate de- 
leterious effect from ferrite, least 
media for which alloys are recommended 
normally. Certain reducing 
attack ferrite selectively. 

Corrosion liquids elevated pres- 
sures and temperatures 
Fontana Ohio State Uni- 
versity and Matters, Allis-Chalmers 
Mfg. Co. They reported few data are 
available this subject but current 
studies indicate corrosion increases 


rapidly temperatures above boiling 
and high pressures. 

Corp.; 


Peck, Westinghouse Electric 
George McCormick, Industrial 


Caused Sulfuric, Nitric, 


Phosphoric Acids 
Specify parts made 


the corrosion, erosion and 
heat resistant alloy 


ical processing operations involving corrosive 


liquids and gases have proved ability 


slash replacement and maintenance costs 


down minimum. 


The ILLIUM Utility Pump 
A rugged pump designed for laboratory, 
pilot plant, and small industrial appli- 
cations. Made entirely ILLIUM, will 
not contaminate material being pumped, 
and will often outlast stainless steel 
pumps as much as 5 times. Write for 
catalog information. 


Unequalled resistance attack all con- 
temperatures, Illium similarly well-suited 
handling nitric, phosphoric, and mixed acids, 
and many acid-salt solutions. Over the years, 
has firmly established its superiority over other 
alloys the chemical, drug, petroleum, and 
food industries. 


easily machined and welded. Samples for testing 
and investigation will sent request. 


Write for Bulletin 651 for complete data. 


Heating Equipment Co. and 
rine, Electric Furnace Company, 
bers the Technical Advisory 
tee the Industrial Furnace Many. 
facturers Association, participated 
symposium titled “Corrosion Problems 
Furnace Design,” with English 
National Alloy Division 
Knox Company. They indicated that be. 
low approximately 1850 degrees the 
higher chromium-lower nickel alloys are 
acceptable generally while above 
temperature the higher 
alloys are desirable. 

high temperatures ordinary 
appears more corrosive than oxidizing 
flue gases, except where these have 
high sulfur content, Mr. 
Reducing flue gases containing 
are particularly harmful 
chromium alloys and 
alloys general, Cyelic 
heating increases the severity cor. 
rosion. Green rot, which follows 
present caused selective 
the chromium. very nickel- 
chromium alloys this will occur tem- 
peratures low 1500 degrees but 
will seldom occur 
mium-iron alloys under 1900 degrees 
and then only when chromium the 
low side. 


High Temperature Corrosion 


Lower nickel alloys are 
factory for flue gases containing over 
Battelle Memorial Institute said. flue 
gases with low sulfur nickel 
corrosion and addition about 
percent silicon beneficial also, 

development division said resistance 
scaling systems with cyclic 
nickel alloys containing suitable 
mium content and low harmful in- 
purities, while resistance 
nitriding atmospheres was best 
high nickel cast alloys such 
grade (67 Ni, Cr). 


Ceramic Coatings 

Don Helman, metallurgist for 
Steel Foundry Company, said 
listed about ceramic coatings the 
craft industry included lengthened 
ice life present alloys, operation 
above-normal temperatures and 
tion strategic elements. The 
ceramic coating protect 
ability remain unbroken high 
peratures. 
Brake Shoe Company’s research labore 
tories said cast alloy suitable for 
2000-2200 degrees temperatures 


needed. Fume 
JOSEPH DONNELLY 
Joseph Donnelly, member tht liners, 
neers since 1944 died recently. Mr. 
nelly was working with the 
the time his death. Part his 
sion experience was preventive work 
corrosion due electrolysis ‘rom 
tric railways. 
Call 
the author authors whose paper 
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UNPLASTICIZED P.V.C. JUST 


reduces 
high 
UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 402-A 


kson 
tance {0 
best 


Unplasticized P.V.C. new material construction that highly resistant 

most corrosive elements. many industrial applications, has proven 
superior—less expensive—than customary metals. Check carefully the advantages 
Unplasticized P.V.C. Then, for detailed information how this new material 
construction can help you your business, consult Firestone Chemical Sales Division. 


Ohio 
igh 


Fume Ducts, Tank Liners, Similar Industrial Pipe—Naturally, piping Unplasticized P.V.C. How does 
Unplasticized extruded from Unplasticized made from Exon 402-A can construction fit into your picture? 
made from Exon 402-A P.V.C. made from Exon 402-A welded, sawed, sheared, stamped, Have your engineers consult 
ideal for fume ducts and tank resistant all types corrosion. milled, planed, drilled, embossed, the Firestone Chemical Sales 
resistant mois- extremely light weight rolled, cemented. easily Division proper applications 
ure, acids, oxygen, sunlight, aging comparison metal...easier and worked conventional metal Unplasticized P.V.C. made 
and other corrosive elements. less expensive handle. and wood working equipment. from Exon 402-A...or write: 


. 
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Mr. 
ia, Pa, 
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rom 


Firestone.. 


Call Space Basic Materials Show, 
Grand Central Palace, New York, 

i your plant or industry. 


FIRESTONE PLASTICS COMPANY, DEPT. 


PENNSYLVANIA 
Division Firestone Tire Rubber Co. 


IMPORTANT: Firestone supplies Exon 402-A only. This resin used many America’s leading fabricators Unplasticized P.V.C. end-products. 


ve 


ASSOCIATION CORROSION ENGINEERS 


Who- 


(Continued from Page 10) 


Humble Oil and Refining Co., Houston 
and has had many years experience 
coping with corrosion problems his 
industry. chairman the Oil and 
Gas Production Symposium Kansas 
City. 


Greco—Co-chairman the Kan- 
sas City Oil and Gas Production Sym- 
posium, Mr. Greco supervisor the 
Water and Corrosion Chemistry Sec- 
tion, Research Dept., United Gas Co., 
Shreveport, La. 1934 graduate 
Northwestern Louisiana College, Mr. 
Greco has spent years corrosion 
work, vice-chairman TP-1, and 
chairman the Natural Gasoline Asso- 
ciation American Corrosion Com- 


mittee. During the war was Chief 
Explosives Chemist for Army 
Ordnance and Special Chemist, Develop- 
ment, DuPont Explosives Divi- 
sion. councillor for the American 
Chemical Society, chairman the 
finance committee the Louisiana 
Academy Sciences and member 
the American Association for the Ad- 
vancement Sciences. 


Lawall—Chairman the Kansas 
City Power and Communication Sym- 
posium, was co-chairman the ses- 
sion the same name Chicago. Mr. 
Lawall, who with the American Tele- 
phone Telegraph Co., Cleveland, 
chairman NACE Technical Practices 
Committee 16C Cathodic Protection 
Cable Sheaths. Mr, Lawall has long 
been active corrosion mitigation work. 


PESCO Ring Joint GASKET 


CROSS 
SECTION 


This steel ring was removed from 
gas well northern Louisiana, 
and was replaced PESCO Ring 
Joint Gasket. 


PESCO RINGS 


PESCO Rings are built withstand com- 
pression pressures excess 60,000 psi 
and internal pressures excess 15,000 
psi, with moisture absorption less than 1%. 
They are unaffected liquid and gasses 
encountered oil and gas systems. 
Shaped for quick, easy installation 


API ring groove specifications. 


Write for information and the name and 


address your nearest supplier. 


WILL NOT 
CORRODE 


PESCO has answered the demand 
for stronger, safer ring gasket with the 
PESCO RING JOINT GASKET made 

FIBERGLAS and special synthetic resins. They 

are built for rugged and rough handling 
the field and re-machining 

required for re-use. 


CORROSION STRUCK 


MAY 
STRIKE 
HERE 


Plastic Engineering Sales Corp. 


BOX 1037, FORT WORTH, TEXAS 


with Southern Counties Gas 
Angeles, was co-chairman the 
tive Coatings Symposium Chicago 
last March. chairman the sym- 
posium the same name 
City already has reported 
progress securing papers. Sep. 
atoroff, who holds NACE 
No. 202, has been member the 
ciation since 1944. graduate Cal. 
fornia Institute Technology Chem. 
ical engineering has been 
with underground and other 
corrosion since 1929. 

chairman the Protective Coatings 
Symposium. president St. Louis 
Metallizing Co., St. Louis, Mo. and 
ville, Ill. His experience coating 
problems began 1936 when was 
sales and service engineer for 
ing Engineering Co., Long Isiand City, 
Nooter Corp. and since 1952 
man the National Committee 
Metallizing the American Welding 
Society. 


Edward Tandy—Mr. head 
equipment inspector Standard 
dustry Symposium. Since has 
been concerned with 
sion and equipment inspection the 
Richmond and Segundo retineries. 

Weast—Mr. Weast, who presented 
one the very popular educational lec- 
tures corrosion fundamentals Chi- 
cago, chairman the 
Lectures feature for the Kansas City 
meeting. with Case Institute 
Technology, Cleveland. 


Five More Kansas City- 


(Continued from Page 10) 


Neoprene Coatings Seymour, 
Atlas Mineral Products Co., 
Pa. and second paper 
Spraul, manager the research 
testing laboratory, General 
Transportation Co., East Chicago, Ind, 
Coating Testing for Tank Car 
ings. Other potential papers are under 
consideration. 


International Engineers 
Conference Set for Rome 


The First International 
Congress, sponsored the 
Internationales des Associations 
tionales Ingénieurs will 
held Rome, Italy, October 8-11, 
General subject the sessions will 
“Preparation the Engineer for 
the field the technical 
the economic field, life 
the social structure the nation, 
whole body professions, his 
“the arising Europe,” will 
reports and meetings. More 
tion the congress may 
writing the Italian Executive 
c/o ANIAI—Rome 90, Via 
cleziano. Several tours have been 
ranged for those attending the 
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CORROSION 


go, 
This dense, impermeable, 3/32” thick press-polished Tygon Sheet 
one lastic shrugs off corrosives that quickly destroy rubber and other 
many Tygon Plastic formulations may 
the answer your 
tough Tygon-lined equipment will handle safely all reducing acids well 


such highly oxidizing acids chromic, hydrofluoric, nitric and 


sulphuric. Tygon completely unaffected oxidation. 


lining materials. 


Tygon sheet plastic wears well. Its tough sturdiness resists abrasion; 
easily repaired accidentally gouged damaged; its mirror- 


TYGON smooth surface stays clean longer. 
quickly applied coat- 


The next time you’re faced with one those “tough” lining jobs, 


umes, talk our engineers about Tygon. 


\ 


EXTRUDED TYGON 


Tubing, channel, 
shapes, solid 
cord. 


yn, in the 
place 
Gaskets, grommets, 


yress. 
MANUFACTURERS AND FABRICATORS CORROSION RESISTANT MATERIALS AND EQUIPMENT SINCE 1865 


<n == 
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CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


Write for Rates, 1061 


CORROSION DIRECTORY 


Over 5400 Paid 


Houston Texas Readers Monthly 
Cathodic Protection Cathodic Protection Engineering Service 


CATHODIC PROTECTION 


Design Installation Surveys 


DEUBER LABORATORIES Thr 


Bacterial Corrosion Fungus Resistance Testy 
Equipment Supplies Soil Performance Tests Coatings, Tapes, 


Magnesi 


Cathodic Protection Service 


Engineering Installation Surveys 


CORROSION ENGINEERING 


Everything the Cathodic Protection Field from Impartial Evaluation Cont 
an Insulating Washer to a Turnkey Contract OS Soe 4 Sprat 


shield against corrosion THE HINCHMAN 
Installation, Field Survey, Design Engineers 


RECTIFIER SYSTEMS GALVANIC ANODES 
YOU CAN RELY RIO Francis Palms Detroit 


CORROSION RECTIFYING CO. 
1506 ZORA ST. CATHODIC PROTECTION FRANCIS RINGER 


CATHODIC PROTECTION Distributors and Contractors Consulting Corrosion Engineer 


SURVEYS DESIGN INSTALLATION Good-All Rectifiers Dow Magnesium Corrosion Tests and Surveys, Cathodic Pro- 
Pipe Lines Offshore Platforms 


Anodes @ National Graphite Anodes @ In- 
struments and Insulation @ Contract Anode 

Refinery Gasoline Plant Lines 
Municipal Systems Barges 


TULSA 
310 Thompson Bldg. 
Phone 2-9857 


tection Design, Supervision of Installation, | # 
Personnel Poll 
Installations. 

Hampden Ave. Telephone 8-2863 Mu: 
NARBERTH (Suburb. Phila.) PENNA. 


Los 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering, 
Design and Installation Cathodic Protection 


Systems. CORROSION ENGINEERING 


Electrolysis Surveys. and application chemical resistant 
Selection and Application of Protective Coatings. linings and coatings 


ENGINEERING CO. Wate 


found 
CONSULTING ENGINEERS 


Rectifiers Anodes Materials CORROSION PROBLEMS 
Exhaust Systems Tank Trailers 
King St. East, Toronto, Canada Storage, and Pipe—Degreasers marin 
Pickling Tanks Filter Presses Bldg. 

17760 Clarann Avenue 
CATHODIC PROTECTION MELVINDALE (Detroit) MICH. 
Surveys Engineering Instruments throu 
Installation Maintenance me Which 


norm; 


INSTRUMENTS 


For the Corrosion Engineer 


Copper Sulfate Electrodes 

@ Resistivity Rod & Pipe Prod — 

@ No Current Potentiometer with me than 
Current Ranges 


for special applications; water tanks RIDGE RO. July 


The CEILCOTE Co. ELAND OH! 
and pipe lines. Coating and Wrapping 


BELLEVILLE NEW JERSEY 
Atlanta - Chicago — Dallas — Monrovia 


TANKS, FUME DUCTS 
AND PROCESS EQUIPMENT 

COMPLETE LINE 
PROTECTIVE 


Cathodic Protective Systems 
Designed and Installed 


Coating and Laying Specifications; 
Corrosion Surveys; Consultation On 
All Types External Pipe Line Corrosion. 


Huddleston Engineering Co. 


HARTMAN HANKS WALSH 


PAINTING COMPANY 
5078 Easton Ave. St. Louis 13, 
Cable APCO—Phone FOrest 6222 


SPECIAL COATINGS APPLICATORS 


Sandblasting Painting 


@ Perma-Skin Anti-Corrosion Vinyl Coatings 
@ Spring-Kote Corrosion Resistant Mastics 
@ Dum-Dum Masonoc ~ A Complete Spray 
Painting Service 


SERVING ALL PIPELINES 
PIPELINE ASBESTOS FELT 
Made The Ruberoid 
COAL TAR ENAMEL COATINGS 
FIELDJOINTERS 
Made American Coating Co. 
Day 
DAY COMPANY 
1973 Gray Houston 19, 
Phone JU-2431 


circulation states and foreign countries 


Advertising this Directory costs about $1.25 thousand 
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Three Subgroups Are 
Formed Transportation 
Committee 


Formation three new subcommit- 
tees Technical Practices Committee 
Transportation Industries has been an- 
nounced Kenneth Kessler, chair- 
man the parent committee. The new 
are: Technical Practices 
No. 15A Corrosion 
Control Railroad Tank Cars, 


Spraul, chairman, General American 
Co., East Chicago, Ind.; 
Technical Practices Subcommittee No. 


Resistant Swann, chair- 
man, Railway Equipment Co., 
Ind.; and Technical Prac- 


Control Railroad Hopper Cars, 


American Railroads, Technology Center, 


Chicago 


Pollution Cleanup Brings 


Mussels Headache 


Los Angeles Steam Plant 


When industry wide anti-pollution 


campaign removed high sulfide content 
harbor water used coolant the 
Harbor Steam plant the Los Angeles 


Water and Power Dept., plant officials 


found the problem corrosion alumi- 
brass condensor tubes which had 
threatened close the plant was solved. 


cleaner water brought back 


marine animal life, including vast quanti- 


ties mussels which clogged conduits, 
and suction strainers, threaten- 
ing again close down the plant. 

Cooling water brought the plant 


through duplicate conduits, either 


which will provide sufficient water under 


normal conditions. solution the 
problem, plant engineers sealed 
off one the conduits during the 


spawning period. After the mussels had 
all the oxygen the water, 


they died. After the first attempt more 


tons dead marine life were 


was back normal operation. 


out the conduit and the plant 
The problem and its solution was dis- 


Write for Rates, 1061 Bldg. 
Houston Texas 
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British Aluminum Association Offers Exchange 
Information Surface Preparation 


Negotiations are now progress for 
exchange information between 
Technical Practices Sub-Committee No. 
Surface Preparation for Organic 
Coatings and the Aluminium Develop- 
ment Association, English technical 
society with headquarters London, 
England. 

Cooperation the Aluminium De- 
velopment Association was offered 
response letter from NACE Sub- 
Committee Chairman Whiting, 
proposing exchange information. 
Writing for the English society, 
Brace, assistant metallurgist 
“We are most interested note this 
proposal, and feel would our 
mutual advantage further details 
could exchanged between us.” 
explained that the Aluminium Develop- 
ment Association now assessing vari- 
ous methods surface preparation 
larger structures such 
bridges, mining equipment, chemical 
and petroleum industries, plants and 
shipbuilding, because these larger struc- 
tures present different problems than 
surface preparation smaller com- 
ponents made aluminum. 

Mr. Brace also enclosed booklet, 
“Painting Practice for Aluminium,” 
Aluminium 
Bulletin No. 20. The 19-page booklet, 
devoted instructions cleaning 
and degreasing, pretreatment, choice 
paint system, repainting 
tions relevant the painting alu- 


Whiting Now Heads 
Surface Preparation 
Technical Practices Group 


Whiting, formerly vice-chairman 
Technical Practices Sub-Committee 
No. Surface Preparation for Or- 
ganic Coatings, now chairman the 
committee. second interim report, 
Surface Preparation Steels for Or- 
ganic and Other Protective Coatings, 
recently published NACE. 


TP-4 Report Made 


Practices Committee No. Minimum 
Current Requirements for Cathodic 
Protection, has been mailed 
bers the committee Sudra- 
bin, Electro Rust-Proofing Corp., chair- 
man. Members the committee were 
asked comment the report. 


CORROSION DIRECTORY 


POSITIONS WANTED. 
and 
AVAILABLE 


Active and Junior NACE members may run 
without charge two consecutive advertise- 
ments annually under this heading, not 


over words set point text type. 
Firms seeking employees, regardless of 
NACE membership, may run an advertise- 
ment of the same specifications in- 
definitely. 


Advertisements to other specifications will 
be charged for at standard rates. 


Positions Available 


Corrosion Engineers. Positions available 
for graduate electrical engineers 
equal. Previous field and design ex- 
perience corrosion mitigation systems 
required. Extensive travel involved. 
Salary open. The Hinchman Corp., En- 
gineers, Francis Palms Bldg., Detroit 
Mich. 


Sales Representatives for DEL Protec- 
tive Coatings. Protected territories avail- 
able qualified individuals com- 
panies. objection carrying non- 
competitive lines. Write David Long 
Corp., 220 East 42nd St., New York 


Corrosion Engineer—Chemical metal- 
lurgical background. Sell metallizing 
and hardfacing equipment New Eng- 
land area for concern also equipped 
work. Right man will complete nu- 
cleus for fast growing plant. New England 
Hard Facing Co., 678 Brookline Ave., 
Brookline 46, Mass. 


AGENTS WANTED 


To Represent Manufacturer 

Of specialized wax base anti-corrosion 

coatings. Should know corrosion prob- 

lems of steel mills, oil refineries, sewage 

disposal plants, chemical plants and be 

familiar with the application of poly- 
ethylene and Thiokol. 

GILBREATH CHEMICAL COMPANY 
383 Brannan Street, San Francisco 


Positions Wanted 


Chemical Engineer (BS), member 
NACE, desires New England location. 
Age 36. years’ experience process en- 
gineering, corrosion, instrumentation. 
Currently employed Mid-west. COR- 
ROSION, Box 53-13. 


Over 5400 Paid 
Readers Monthly 


YOUR ADVERTISING 
this space 
goes over 5400 

readers monthly 


Testing 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 
(Established 1931) 
Corrosion, weathering and sunlight tests. 
Four locations Southern Florida for inland, 


salt atmospheric, tidewater and total immer- 
sion exposure tests. 


4201 7th St. 


MIAMI, FLORIDA 


Water and Steam 


WATER LABORATORIES, INC. 
Specializing Since 1927 


Water treatment for corrosion 
control buildings, boilers and 
air conditioning systems. 


Main Office—423 West 126 Street, NYC 
Offices also Phila. and Wash., 
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HAS STOOD THE TEST TIME 
SOLVE CORROSION PROBLEMS 


when the TAF 


PROOF 


te! nad P 


Actual experiences like these 
show what TAPECOAT coal tar 
protection can for you. 


Use TAPECOAT combat cor- 
rosion above below ground 
gathering lines, transmission 
lines, meter stations, compressor 
stations, distribution lines, pipe joints, bolt-type couplings, 
fittings, large bends, large diameter pipe, insulated lines, 
tanks, and other surfaces subject corrosion. 


Write for descriptive brochure and prices 


1521 Lyons Street, Evanston, Illinois 
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$134,500 Contract for 
Cathodic Protection 


Given Houston Firm 


$134,500 contract for pro. 
tection 250 miles gas distribution 
mains, laterals and service lines the 
City Houston has been awarded 
Cathodic Protection Service Houston, 
Texas, Tulsa, Okla., and New Orleans, 
Louisiana. 

The distribution system one 
three gas utility systems the city and 
one the oldest. Except for fey 
thousand feet cast iron pipe, the bulk 
Cathodic Protection Service engineers 
say that most the mains and laterals 
are either bare very poorly 
However, large percentage the sery- 
ice lines are relatively well 

estimated that cathodic 
tion will pay for itself less than two 
years, the late 1930’s, was 
spent for repairs and 
000 more was spent. esti- 
mated $40,000 gas 
leaks yearly. 

The City Houston now 
badly corroded pipe the system and 
the gas system being electrically 
lated from water lines the installation 
insulating units gas Many 
service lines are tied into 
open circuit couplings. have 
devised way “shorting” open 
circuits without costly excavation. 


Electrochemical Means 
Plating Aluminum 
Steel Sought 


tin, Virginia Polytechnic Institute 
conducting graduate research project 
directed toward development 
electro-chemical method giving 


protective coating aluminum. the 


project successful, need 
piling expensive and hard get 
would greatly reduced. 


Tinning Oils Discovery 


Tinning oils for hot-dip tin-plating 
steel can made slight 
lard, tallow, white grease and 


animal fats. The discovery was 


the Armour Research Foundation 
Illinois Institute Technology Cente 
Chicago, 


Hot Dip Galvanizers 


The 1953 Semi-Annual Meeting 
American Hot Dip Galvanizers 
tion, Inc., will held 
Hotel Cleveland, Ohio, Monday 


Tuesday, Sept. 14, 15. part the 


program, color corrosion film will 


Reprints material published 
Corrosion are usually made 
Tentative prices may 
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HEAVY DUTY 
SELENIUM STACKS 
HEAVY DUTY TRANSFORMER 
ist CLASS WORKMANSHIP 
ALL-WELDED 
11-GAUGE CASE 
CUSTOM MADE YOUR 
INDIVIDUAL NEEDS 


service! 


For Full Information, Write, Wire Teletype (HO-561) 
4411 NAVIGATION BLVD., BOX 1724, HOUSTON 
2850 FLORENCE ST., HUNTINGTON PARK, CALIF. 
BOX 13, UPPER MONTCLAIR, NEW JERSEY 
1344 GRISWOLD ST., PORT HURON, MICH. 


YOU'LL FIND ALL 


VITAL 


INGREDIENTS 


When you need withstand the most rugged con- 
ditions performance and durability rely B-K 
Rectifiers, the Rectifiers with the VITAL INGREDIENTS 
plus the HIGHEST QUALITY METERS and AUXILIARY 
EQUIPMENT that assure you dependability and 
quality workmanship every time. 


qualified B-K engineer will glad help you 
with your corrosion problems ANY TIME and 
EXTRA CHARGE you. Feel free call B-K for this 


LET YOUR NEAREST B-K REPRESENTATIVE 
HELP YOU WITH YOUR NEXT INSTALLATION 


BRANCE-KRACHY CO., INC. 


Box 1724, Houston, Texas 
| Please send me details on your B-K Rectifiers. 


Name 
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Norelco portable x-ray units small 
enough put into car trunk are 
being manufactured X-Ray Dept., 
Testing Div., North 
American Phillips Co., Inc., 750 Ful- 
ton Ave., Mount Vernon, The 
new units are suggested for rapid field 
inspection welds, pipe lines, power 
plants and ship and aircraft equipment. 
The complete unit weighs only 143 Ib. 
Current drain amperes. 

Edscorp Pocket Comparator for fast 
accurate measurement and inspection 
small parts and 
being marketed the Edmund Scien- 
tific Corp., Barrington, 


The American Smelting and Refining 
Co., Perth Amboy plant, Barber, J., 
has developed continuous-cast bronze 
process which produces exceptional uni- 
formity and freedom from flaws. 
patented process said the only 
continuous-casting method commer- 
cial use producing copper-base alloy 
stock ready for machining other 
fabrication. 

Lonco Insulating Rosin Flux, new 
activated rosin flux that insulates 
bonds and which the manufacturer says 
marketed the London Chemical Co., 
Inc., 325 32nd St., Chicago 16, 
Elimination breakdown due corro- 
sion and fast fluxing action are claimed 
for 


e 

Bart-Messing Corp., Belleville, 
announces completion single cubicle 
selenium rectifier with output capac- 
volts. The rectifier will used fur- 
nish low voltage power for electro- 
plating nickel-lined steel pipe for Atomic 
Energy Commission projects. 


Rem-Cru Titanium, Inc., 405 Lexington 
Ave., New York 16, says its pro- 
duction titanium has 
where the metal available for many 
production applications. 

Portovent, flexible ventilating hose, 
being introduced the American Ven- 
tilating Hose Co., 100 Park Ave., New 
York 17, The hose intended 
provide for ventilation and 
haust. made from cotton nylon 
fabrics impregnated with Neoprene com- 
pound and spiral wire reinforced. can 
cut size with weakening 
raveling since bonded not 
stitched. has unusual lengthwise com- 
pressibility and has excellent air flow 
characteristics and maintains large 
cross section even sharp bends. 


Bakelite and Vinylite Resin Coatings for 
the Petroleum Industry, the title 
new 8-page illustrated folder published 
Bakelite Co., Division Union 
Carbide and Carbon Corp., 260 Madi- 
son Ave., New York 16, Case 
histories, test results and photographs 
actual industrial applications the 
finishes are presented the brochure. 
Use the coatings increases protection 
equipment, extending its service life 
and reducing maintenance costs, the 
brochure says. The finishes are avail- 


able variety colors. The firm also 
Resin Coatings for the Chemical Indus- 
try which presents case histories 
actual industrial coating applications. 

Garman Company, Inc., St. Louis, Mo., 
has developed three products used 
treating water cooling equipment 
air conditioning systems. Vapco Pre- 
ventive, according the firm, “com- 
plexes” inactivates the solids usually 
found water and holds them solu- 
tion drained off naturally once 
each month instead being deposited 
metal surfaces pipes and pumps. 
nated phenol which has been activated 
incorporating penetrant and inter- 
face contacting agent. Vapco Cleaner 
acid type salt designed remove 
scale and other incrustants which may 
have accumulated because improper 
water treatment. All three products can 
used without shutting down equip- 
ment. 


Defensite Tuf-Quik Floor Enamel pro- 
vides high resistance attack chem- 
icals, according Wilbur Williams 
Co., 130 Lincoln St., Boston 35, Mass. 
The paint intended for use wood 
concrete floors. 


e 
Dow Corning Corp., Midland, Mich., 
marketing two silicone water repellent 
products. Dow Corning XS-1, solu- 
tion sodium salts certain silicones 
will keep water from wetting paper, 
glass and ceramic insulator bodies, as- 
bestos cloth, masonry walls, clay 
adobe buildings and even dirt roads and 
irrigation ditches. Another product 
the firm, Dow Corning 1109, silicone 
water repellent treatment for leather, 
gives high water repellency without 
appreciably altering the appearance, feel 
leather. The leather remains water re- 
pellent even after prolonged aging 
Stokes Machine Co., 5500 Tabor 
Rd., Philadelphia 20, Pa., has published 
36-page illustrated catalogue showing 
uses Stokes Microvac Pumps for 
High Vacuum. The book also contains 
tables and formulas, constants and con- 
versions frequently used vacuum 
processing. 

American Locomotive Co., Church 
New York Y., describes 
mass spectrometer used testing pipe 
welds and welds special types 
heat exchangers and pressure vessels. 
The machine has wide uses the pe- 
troleum refining, chemical, lead mining, 
fabricating and process industries and 
many other fields. 


Amercoat Corp., 6530 Supply Row, 
Houston, Texas, now has its branch 
offices Houston. Larger quarters 
were necessary because expanding 
business and markets the Houston 
area, plant officials said. 


Dowell Inc., Tulsa Okla., market- 
ing Corban corrosion inhibitor for 
combating corrosive well fluids. Corban 
polar type inhibitor. adsorbed 
onto metal surfaces forming film that 


isolates the metal from direct contact 
with corrosive well fluids. 
solid stick form and several differ. 
ent liquid compositions meet specific 
well conditions. easy apply, the 
firm claims. 


The Insul-Mastic Corp. 
1141 Oliver Bldg., Pittsburgh 
has two additional contractors 
market its products. The companies 
are: The Starr Davis Co., Inc., Greens. 
boro, C.; and The Plant 
Co., Emeryville, Cal. Insul-Mastic 
duces heavy mastic coatings for 
sealing insulation, waterproofing 
sonry and for corrosion prevention. 


e 
Isotope Products Ltd., Box 127, Oak. 
ville, Ont., has applied their Gammagage 
the detection corrosion. The ma- 
chine was used inspect parts 
refinery unit while was operation 
was found within safe limits, 
rosion was also detected digester 
used making furfural. However the 
main use the Gammagage in- 
specting welds. much 2000 feet 
single radiograph exposure. Testing for 
corrosion the internal walls com- 
pressed gas cylinders that 
even cracks and scale the wall are 
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REPRINT 


Publication 
Surface Preparation 
Steels 
For Organic and 
Other Protective Coatings 


Second Report NACE 
Technical Practices Sub-Committee 
6-G Surface Preparation for 
Organic Coatings. 


This report itemizes the various procedures 
used to prepare steels for the application of 
protective coatings, Recommendations as to 
procedures, standards, safety measures are 
given. This second report NACE 
the culmination many months work 
committee members. The report has been 
carefully prepared and checked by committee 
members with long experience the coatings 
application field, 


Paid 


Single Copy 


more Copies one address, 
copy 


Address Orders and 
Make Remittances 
Payable 
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NACE NEWS 


ONLY years old, 


but what record 


YEARS long time the 
job. preventing corrosion damage 
underground pipe. SOMASTIC 
Pipe Coating has furnished com- 
protection severely corrosive 
locations since its first year— 1930. 


fact, our knowledge its useful life limited 
the total time has been existence. 


Best PIPE COATING 


RAILHEAD PLANT. Choice between 
and central plant depends 


the economics specific job. 


HYDRAULIC FORM. Field 
joints make SOMASTIC 
protection continuous along 


the entire coated line. 


ECONOMICAL METHODS 
APPLICATION: 


Central Plant 
portable Railhead Plant 


PRICE CO. 


BARTLESVILLE, OKLAHOMA 
PHILADELPHIA, PA. 
NEW ORLEANS, LA. 
the States East 
the Rocky Mountains 


BECHTEL CORPORATION 


SAN FRANCISCO and 
WILMINGTON, CALIFORNIA 


the Western States 
ond Foreign Countries 


4 
q 
1 j 


Write for your 
FREE COPY today 


Pronounced 
“Cement” Spelled Backwards 


139 23rd Ave. 
North Kansas City, 
Missouri 


Th Kansas CITY. 
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NEW PRODUCTS 


(Continued from Page 22) 


detected. Isotope Products Ltd., also 
Canadian agent for the Sempun crack 
detector, magnetic flaw detector used 
for surface inspection. The detector was 
developed England. 
e 

Bassons Industries Corp., 1432 
Farms Rd., New York 60, Y., has 
published 12-page brochure plastic 
products. The brochure illustrates the 
uses plastic and emphasizes 
rosion resistance and high strength 
weight ratio. 


Glasfab, inorganic glass waterproofing 
membrane fabric made the Twins- 
burg-Miller Corp., Box 207, Twinsburg, 
Ohio, the subject illustrated, 16- 
page brochure entitled look 
membranes.” The brochure compares 
typical test data the product with 
material specifications and also pictures 
Glasfab use the petroleum, chemi- 
cal, utility and other industries. 


e 
Roybond A-36, new polar, synthetic 
rubber-resin adhesive compound for use 
primer the application plastic 
tapes has been introduced Royston 
Laboratories, Inc., Blawnox, Pa. The 
firm says the plasticized special com- 
pound improves with time the plas- 
ticizer blends the interface. The product 
effective coal-tar, hot-enamel 
primer absorbing stress due contrac- 
tion hot enamel. 

The Rockwell Manufacturing Co., 400 
Lexington Ave., Pittsburgh Pa., 
has issued 12-page bulletin, Bulletin 
V-220, describing lubricants, lubricant 
fittings and lubrication 
Rockwell-built Nordstrom valves. Three 
major types lubricant—Rockwell Hy- 
permatic, Nordcoseal and Lubricant 
DC-234—are described, and their func- 
tions listed detail. “selection chart” 
shows which lubricants are recom- 
mended for use with variety fluids. 


Apollo Metal Works, 66th Place and 
South Oak Park Ave., Chicago 38, 
resistant organic finish applied 
aluminum, brass, steel and coils 
widths from one-eighth thirty inches, 
0.010 0.036 gauge, continuous 
lengths. The finish stands well under 
forming, drawing, bending fabricating 
the metal. 


The Gerber Scientific Instrument Co., 
Spruce St., Hartford Conn., 
marketing the Gerber GraphAnalogue 
which multiplies graphs curves di- 
rectly. divides distance into any 
number equal spaces, into log- 
arithmically proportional lengths, into 
any arbitrary nonlinear proportion. 

e 
The Ferro Corp., now manufacturing 
and selling new frit for the coating 
aluminum. The frit, especially developed 
the Dupont Company, will provide 
aluminum with corrosion resistance and 
resistance abrasion, thermal shock, 
impact and flexing. The porcelain en- 
ameled aluminum easily fabricated, 

e 
Owens-Corning Fiberglas Corp., Toledo 
piece the use Fiberglas. The prod- 
uct can made stronger than steel, 


light and flexible silk, 
bustible, non-corrosive, moisture 
ant, sanitary, durable and 
stable, the company states. 
and sound deadening are two 
uses, along with use electrical 
lation. 

@ 
The American Mollerizing 

A » Dey- 

erly Hills, Calif., states the 
American licensee for Mollerizing 
process widely used Sweden for the 
coating steel with aluminum 
vent rust corrosion. The process 
said have wide application the ip. 
dustrial field where rust protection 
ucts, pole line hardware, 
springs, steel windows, tools, automo. 
tive products, structural steel, transmis. 
sion towers and other uses. 

Flaw Location the title 12-page 
booklet published Turco 
Inc., Terminal Annex 2649, Los Angeles 
54, Cal. The process involves using 
red penetrating dye which applied 
the surface tested after 
been cleaned. The dye 
then removed. The dye penetrate 
into cracks, below the surface however 
and stays there until white developer 
applied. Then the dye comes the 
surface, plainly visible. 

National Instrument Co., 5005 Queens- 
bury Ave., Baltimore 15, 
Optometer Model GR., available two 
magnifications, power and 
The power has field view 
.580-inch and measuring scale reading 
directly 0.002-inch. The 40-power has 
scale reading directly 0.001. 
ing plated parts for irregular deposits, 
pitting, cracks and blisters one the 
many uses suggested. 

6 
Lucoflex has developed 
for non-plasticized hard 
which estimates will save 
percent welding time and 
percent materials cost. The firm als 
makes solid bars 2.50 inches 
diameter with uniform 
permits machining component 
for corrosion assemblies. 
mation may had writing 
Schor, 114 40th St., New York 16, 
New York. 

neering Sales Div., 154 Ogden Ave, 
Jersey City J., have 
three color 8-page 
showing examples the 
Special fabrication stainless steel 
other metals for the chemical 
food processing industry, and 
though many examples tank col 


struction, piping and other regular 


struction jobs are also illustrated. The 
firm also provides portable x-ray 
nation, hot dipped 
relieving and normalizing 
welding services. 

bed 
Dearborn Chemical Co., Chicago, 
announces removal its Eastern 
building 1601 Linden 
Linden, The office formerly 
New York City. The firm 
water treatment formulas, 
compounds and rust preve™ 
tives. 
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Chemicals and services for the petroleum industry 
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STOP CORROSION 

PROLONG EQUIPMENT LIFE 
LOWER MAINTENANCE COSTS 
SIMPLIFY LEASE OPERATIONS 


with 


- 


4 


HERE’S HOW... 


Kontol prevents corrosion forming 
the metal surfaces production equip- 


The Kontol protective film tough and 
impervious, protects carbon steel 
effectively, making expensive alloys, 
plastic coating, etc., unnecessary. 


Kontol protects against all types 


The usual corrosion attacks 
are stopped, are hydrogen embrit- Ask your service engineer 


tlement and hydrogen blistering. give you complete information 


Kontol also lubricates rods and tubing 
and reduces excessive wear due 
friction and abrasion. 


applied pumping, dumping, lubri- 
cating solid stick form. 


TRETOLITE COMPANY 


DIVISION OF THE PETROLITE CORPORATION 


Kontol safe —no extraordinary han- 
dling precautions are necessary. 
goggles, masks, aprons, rubber-gloves 
are required. non-poisonous, non- 
explosive and non-inflammable (under 
normal conditions). 


SAINT LOUIS 19, MISSOURI 
LOS ANGELES 22, CALIFORNIA 


Kontol does not render emulsified pro- 
duction more difficult demulsify. 


does not deposit formation plugging 
precipitates. DEHYDRATING DESALTING 


CORROSION INHIBITING 
SCALE PREVENTING 
PARAFFIN REMOVING 
WATER DE-OILING 


KFB 53-4 
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(Continued from Page 24) 


Penetrol, liquid designed ap- 
plied rusted surfaces after loose rust 
has been removed, said manu- 
facturers have the faculty penetrat- 
ing the residual rust the bottoms 
pits. The resulting tacky surface makes 
excellent base for paint and provides 
unusually good bond, manufacturers 
say. The liquid also may added 
paints adjust them for application 
ease, but cannot used contact 
coat for lacquer, plastics, rubber, water 
paints coal tar materials. also 
recommended for cleaning protect- 
ing chromium automobile bumpers. Ad- 
ditional information may 


Anodes. 


complete engineering service for 
analyzing your requirements. 


from The Flood Company, Hudson, 
Ohio. 
Spot-Seal Wrap, paper coated one 
side with pressure sensitive adhesive 
available from Sherman Paper Prod- 
ucts Corp., Newton Upper Falls, Mass. 
The adhesive adheres itself but not 
the uncoated side the paper and 
the material recommended for self- 
closing packaging purposes. 


Walterisation, phosphatizing process 
developed The Walterisation Co., 
Ltd,. Purley Way, Croydon, England, 
produces coating which pure 
ferrous phosphate, 
may applied ferrous surfaces, 
galvanized other zinc-coated 
surfaces. Principal advantage the 
process the penetration the coat- 
ing into the base metal and the surface 
provides key paint the metal. 


Let Pipeline Anode Corp. 
handle your complete corrosion 


protection installation 


Highest quality AN-SPEC Magnesium 


handle your complete Anode 
installation. 


your personnel are all tied with 


why not let handle all your corrosion protection 


problems. supply the best high quality mag- 
nesium anodes and our experienced crews can handle 
the installation. Our engineering department 
your service recommend the type installation 
best suited your problems call for 
high quality, yet economical job. 


AN-SPEC Anodes manufactured Magnesium 
Division Crose Manufacturing Co., Inc. 


Juan Ramirez, Westerly 
Box 25, Dr. Cueto No. Utado, 
Rico agent for the 


Correspondence Courses Providing 
guided study for persons who have had 
corrosion control responsibilities added 
their duties are offered 
Parker, Corrosion Consultant, 
Building, Houston. The courses 
are aimed principally providing 
ing corrosion engineering buried 
and submerged structures and cathodic 
protection and include guidance selec. 
tion instruments, use instruments, 
conducting surveys and design 
problems. Mr. Parker 
literature available request. 

Nitrox, combination cleaner-corrosion 
inhibitor for cleaning iron 
cargo tanks tankers and for other 
containers handling light hydrocarbons, 
inedible oils, solvents 
has been developed Solvay Process 
Division Allied Chemical Dye 
Corp., Broadway, New York 
The material said the 
cleaning action caustic soda and the 
inhibiting action sodium Ni- 
trox produced flake form. Litera- 
ture 
Courses plastic welding or- 
ganized the next six weeks Ameri- 
can Agile Corp., P.O. Box 168, Bed- 
ford, Ohio. The 
design, theory, welding exercises, re- 
inforcement and structural design the 
ticized polyvinyl chloride 
spraying. Complete details and informa- 
tion are available from the 

e 
Nylon bearings and stainless stcel axles 
are used the Nylo-Roll conveyor built 
Metzgar Co., 496 Douglas St., 
Grand Rapids Mich. Designed for use 
dairies, creameries, cannerics, meat 
chemical and drug manufacturing plants, 
destroy ordinary ball bearings. 


PERSONALS 


Webb has been appointed senior 
process engineer for Walter Kidde 
clear Laboratories. Mr. Webb, chem- 
ical engineer with number patents 
and publications his credit, worked 
basic design and engineering problems 
connection with the gaseous diffusion 
plant Oak Ridge, Tenn. 
isotope separation work the design 
deuterium separation plant. 
Paul Bachman has been elected 
vice president the Davison Chemical 
Corp., Baltimore, Md. will also 
tinue his position director 
search and development. 
tion Corrosion Engineers. 

Leslie Beattie, vice president an! 
general manager Canadian Operations 
The International Nickel Company 
Canada, Limited, died re- 
cently the age 62. Mr. 
manager the company’s mincs, mill 
smelters, refineries and 
erations Canada. Mr. Beattie 1911, 
joined the Canadian Copper 
formerly assistant vice-president. 
(Continued Page 28) 
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NACE NEWS 


New Spring-Kote No. 10T asphalt mastic especially 
formulated, tested and proved, for the exclusive purpose 
preventing corrosion structures, tanks, piping, etc. 
retains form and efficiency over new wider tempera- 
ture range, and equally effective above below ground. 


YOUR HUMIDITY WORRIES ARE OVER 
This long-lasting asphaltic armor easily applied 
conventional spray equipment—bonds firmly any clean 
metal surface. And, here’s good news: Spring-Kote No. 
can safely used damp surfaces. more wait- 
ing for the surface dry, more failures due exces- 
sively humid damp atmospheric conditions. 


CRYSTALLINE FILLERS 
Spring-Kote No. contains fillers amorphous nature 
only! This results superior ductility that highly re- 
sistant shock and heavy vibrations. will not lose 
adhesion, crack, sag flow. 

Spring-Kote No. unaffected highly salty at- 
mospheric conditions; resists chemicals, alkalies and most 
acids. addition, has good insulative value vessels 
piping, hot cold. 


YOUR OWN MAINTENANCE CREWS CAN APPLY 
No. 10T only one complete line Spring-Kote 
Protective Coatings for waterproofing, corrosion protec- 
tion, insulating, etc., which can applied plant 
maintenance crews nearby Authorized Applicator. 


‘WRITE FOR FULL Spring-Kote the toughest jobs your 
plant. the nearest thing permanent protection modern science has devel- 
oped. Write today for complete information and the name nearest applicator. 


SPRING PACKING CORPORATION 
332 South Michigan Avenue Chicago Illinois 


q 
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this 
what you need 
piping 


abrasion 
resistance 


resistance 
corrosive oils, 
greases, solvents, 
acids and chemicals 


and permeability 
hydrocarbon solvents 


development 
The Dow Chemicol 


Supplied either fabricated light 
gauge steel standard wall. Avail- 
able and 20’ regular lengths 
custom fabricated your 
ments diameters thru 48”. 
Fittings standard and special de- 
signs for all For catalog 
and additional information write 


Dept. 


MICHIGAN PIPE COMPANY 


Bay City Michigan 


Manufacturers of Wood-Stave, Saran Rubber-Lined, 
Stainless Steel and Monel Piping 
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Gordon joined the company 1946 
director the research department. 


Kenneth Bullock has been appointed 
assistant sales manager the process 
equipment division the Stone- 
ware Co., Akron, Ohio, according 
announcement Howard Farkas, vice- 
president and general sales manager 
the firm. Mr. Bullock has been en- 
gaged research and development 
phenolic and furane resins for applica- 
tion chemical resistant plant equip- 
ment. 

Brandes Co. Houston, Texas, 
will represent the Hollingshead 
Corp. the Texas-Oklahoma area 
the sale bulk sizes aviation chemi- 
cal the southwest aviation industries. 
The firm will also represent Hollings- 
head the sale Cocoon products 
the Southwest area. This latter proc- 
ess method protecting military 
tanks and other vehicles going into over- 
seas shipment and storage. Newly pro- 
moted treasurer and secretary the 
Hollingshead Corp. Joseph 
Laputka. Lloyd Entenmann was 
made controller and assistant secretary. 


Appointment Harry McClure 
executive vice-president Carbide and 
Carbon Chemicals Co., division 
Union Carbide and Carbon Corp. was 
announced Davidson, president 
Carbide and Carbon Chemicals Co. 
Mr. McClure has been vice-president 
since 1944. 
Sylvania Electric Products Inc. has 
announced the appointments Fin- 
ley Carter vice president and technical 
director the company and Howard 
Richardson vice president charge 
engineering operations. Mr. Carter 
has been vice president since 1945 
and Mr. Richardson since 1951. 

Death Sumner Simpson, 79, board 
chairman Raybestos-Manhattan, Inc., 
Was announced recently. 

Promotions and additions personnel 
have been announced American 
Wheelabrator and Equipment Corp. 
the home office, Robert Orth was 
appointed field sales manager. Julius 
Skene was advanced manager 
customer service and Philip Jordan 
was promoted chief sales engineer. 
Gordon Bryant was promoted 
district manager the Detroit office. 
John Swantz joined the Detroit 
office district sales engineer, and 
Erwin Shepard was added serv- 
pointed sales engineer the Chicago 
office. Douglas Lamb was appointed 
district service engineer for the Toronto 
office. Wilfred Carrie now district 
manager the Seattle office. George 
Tolton has been appointed district man- 
ager the Greensboro, branch. 

Harry Hauser Carpenter Steel 
Company’s Alloy Tube Division, Union, 
J., has been appointed 
Northwest sales representative for the 
Richard Martin has been appointed 
national sales director for Kelite Prod- 
ucts, Inc. Mr. with 
Kelite 1944 charge the Southern 
division. will make his 
quarters the Kelite main plant, 1250 
Main St., Los Angeles, Calif. 


Wilkins has been appointed 
eral construction manager 
Services Inc. Mr. Wilkins will 
all Ebasco construction 


Moore Floyd has been 
sales representative Texas for the 
Reilly Tar Chemical Corp. 
places Charles Slover who will 
come associated with Keith-Kote 
Grand Prairie, Texas. Mr. Floyd, 
graduate Texas will have his 
office Dallas. 

Reassignment and promotion 
plant managers preparation for the 
planned opening the firm’s Sulphur 
Springs, Texas, plant late this was 
announced the Rockwell 
ing Co. Floyd Snodgrass has been 
post involving supervision production 
and operations Oakland and Sulphur 
Springs. Replacing him gencral 
suming Mr. Willes former sition 
general manager Barberton, Ohio, 

Jack Harris has been city 
salesman McEvoy Company 
Houston. 


Roy Gordon, vice-president and 
The International Nickel 
Canada, Ltd., has been elected director 
the company. 
Robert Elmiger, formerly s:atistician 
and economic analyst for Esso 
Oil Company has been 
analyst for Alloy Tube Division, Union, 
J., the Carpenter Steel Company. 


Richard Murphy has been appointed 
assistant manager the foreign depart- 
ment Pittsburgh Coke Chemical 
Co., Pittsburgh, Pa. 


Division salesmanager Byers 
Co., Pittsburgh, Pa. 

Howard Moses, formerly chief 
gineer and director the Pennsylvania 
bureau sanitary engineering, been 
appointed chairman the Ohio River 
Valley Water Sanitation Commission. 

Ray Thomas, member the National 
Association Corrosion Engineers, has 
been elected the board directors 
the Vimasco Corp., Charleston and 
nouncement Pugh, president 
the firm. Mr. Thomas has been 
engineer with Carbide 
Chemicals Co., for the past years 
where did research, design, 
ing, specification and application 
thermal insulation for temperature 
quirements, including elevated, atmos 
pheric and sub-zero ranges. With 
asco, his main interest will 
membership, Mr. Thomas 
the American Society for 
terials, being present chairman the 
Research Committee, and past 
other ASTM committees. 
credited with founding the 
Insulation Society. the 
the Thomas System 
Standards for thermal 
and invented the Thomas clip for 
ing acoustical treatment. 
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1.6 Books 
1.6, 7.10 


Pile Foundations; Theory, Design, 
Practice. Ed. CHELLIs. 681 
1951. McGraw-Hill, New York. 


Provides, one source, the informa- 
tion required for the design, driving, 
and maintenance pile foundations. 
Describes pile-foundation failures 
actual cases, with causes, methods 
prevention and remedies. Standard spec- 
ifications leading technical societies 
and associations and leading manu- 
facturers piles and piling contractors 
are given. Numerous figures 
tographs.—BLR. 


1.7 Organized Studies 
Corrosion 


1.7.2, 4.6.11, 4.2.5 


Corrosion Testing. Mechanical Engi- 
neering, 74, (1952) Jan. 

Further facilities for the study sea 
water corrosion are being added the 
Harbor Island Test Station the Kure 
Beach project, near Wilmington, C., 
charge International Nickel Com- 
pany’s corrosion engineering section, un- 
der whose supervision the project 
operated. Included the new facilities 
will full sized salt water evaporator 
and distillation unit study the effects 
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Engineering, McGraw Hill Publish- 
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water treatment and design cor- 
rosion and scaling such units, espe- 
cially used board ship. The equip- 
ment will include boiler plant with 
capacity 4,000 lbs. steam per hr. 
The new unit will housed the pres- 
ent laboratory building Harbor Island 
and, replace the space thus used, 
new two-story concrete structure will 
erected the site. The first floor will 
used machine and carpenter shops 
and for the new boiler. The second floor 
will provide for meeting room ac- 
commodate seventy-five people 
well marine museum where speci- 
mens wood, metals and other materi- 
als removed from test will displayed. 
Additional facilities will provided for 
laboratory studies marine organisms 
and other biological studies. enlarged 
photographic darkroom also will 
provided. Concurrent with the erection 
the new building Harbor Island, 
the facilities for exposure specimens 
sea spray near the ocean Kure 
Beach are being extended new test 
lot located about feet from the ocean. 
This will increase the capacity exist- 
ing sea spray facilities approximately 
three times. During the sixteen years 
its existence, the Harbor Island project 
has tested more than 20,000 specimens 
sea water, 25,000 sea atmosphere 
and somewhat smaller number sea 
spray. The atmospheric and spray tests 
are still located Kure Beach. Speci- 
mens studied include metals, wood, rope, 
and even protective coatings such 


TESTING 


2.3 Laboratory Methods and 
Tests 


2.3.2 
The Salt-Spray Test. Metal Ind. (Lon- 
don), 80, No. 123-126 (1952) Feb. 15. 


general discussion salt spray 
testing including history, methods, types 
apparatus and the effect number 
variables such position specimen 
and solution. Uses the test are 
then discussed; these are primarily for 
assessing coatings—metallic, organic, 
inorganic. One important use for test- 
ing the porosity cathodic coatings. 
The limitations the test are the 
whole adequately emphasized, but 
Champion points out letter (ibid., 
March 21, 1952, 80, No. 12, 230) that 
intermittent spray gives better corre- 
lation with service than continuous spray. 


—BNF. 


2.3.4, 6.2.5, 8.5.3, 8.6.3 


Studies Stainless Steel Used 
Pulp, Dye and Bleaching Industries 
Japan Inst. Metals, 16, No. 352-354 
(1952) June. 


The immersion corrosion tests were 
carried out five kinds austenitic 
stainless steel. The specimens were al- 
loys 20-23% chromium, 20-23% nickel, 
and small quantity copper, manga- 
nese, silicon, and molybdenum. The 
corrosives were aqueous solutions 
various organic and inorganic acids and 
salts. Results are follows: Alloys 
20% 
molybdenum—1.4% copper—3 silicon 
manganese and 23% chromium— 
20% nickel—3% copper—3% molyb- 
denum—0.5% manganese showed good 


27° All alloys were not 


all sulfuric acid, nitric acid, acetic 


oxalic acid, formic acid and aqueoys 


lutions aluminum sulfate and 
hyprochlorite. Alloys 23% chro 
copper—2% silicon—0.5% 
and 


molybdenum—3% 


copper—0.5% 


nese showed good acid-resistivities 


boiling. Alloys 23% 
nickel—3% molybdenum—3% 


0.5% 


manganese, 20% 


nickel—1.4% 
silicon—0.5% manganese and 20% chr. 


not attacked all the mixture boiling 
the 


sulfuric acid and nitric 


2.3.6, 2.3.9, 2.6 


Preparation Replicas for 
ress (U. A.), 60, No. 68-71 


Aug. 
Thin plastic replicas tal 
are made order study thin 


tions the metal the micro. 
scope. These are about 500 units 
ter 


thickness. Metal oxide coatings and cast 


metal films are also used. These are 
for the surface the 
cha 
follows: material surface 
stripping the parlodion and 
Meas 
off because mechanical “keying” with 
q 
meresistat 


successful, 
specimen often altered the 


Steps required making plestic 


applying and drying 
shadow casting and the film 
The metal surface must not too rough 
for the replicas will not 
the roughened surface. After 


concentration the metal surface 


allowing dry vertical position 


grid. This whole lifted stripped 


the grid and placed glass 


The replica hardened prevent the 


film from being split and destroyed 
the 
microscope. The electron microscope 

Meth 


intense beam electrons 


tends the limit resolution 
100 


2.3.7, 2.3.6, 5.4.5 


Method Examining the 


Iron and Steel Inst., 168, 
358-363 (1951). 


painted surface, carries with when! 


paint that have poor adhesion. 
has been developed compare 
and methods preparing stee! 
of 


ing, revealing the area 
physical damage. Manufacturing 
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Cous so. 


calcium pictures 


ovisional standard sea-water spray 
(BS 1391). Results show the im- 
aint adhesion obtained phos- 
tin-plating before painting. 
and references are included. 


test 
proved 
phating 


ement Properties Thin 
Polarized Light. and 
New York Academy Sciences, 53, 
20. 
Results polarization measurements 
aliphatic-acid layers transferred 
chromium the Blodgett method. The 
data were order determine 
conditions most favorable the 


cise simultaneous measurement 


2.3.7, 3.2.3 
Measurements the Formation 
Thin Tin Films. VAN ITTERBEEK, 


Scientific sec. No. 352- 

The films are sputtered helium 

gas. resistance and also 


coefficient were meas- 
change 


resistance function 

ally the structure the 
was analyzed means the 


2.3.7, 3.2.3 
Measurements Thin Iron Films. 


Scientific Research, 
Curves are established for the specific 


films obtained respectively sput- 
condensation vacuum. The 
obtained with these 
are completely different. Electron- 


and also electron-diffraction 


the films are given—BTR. 

vent Machinery Lloyd (Overseas 
oyed 69-81 (1952) Feb. 

Some the ways which radiogra- 
cope phy may help engineers. General theory 


168, 


also the 


advantages gamma and X-radi- 
limitations. Actual 


2.4.3 
Methods Detecting Cracks and De- 


Fluorescence. Fonderie, No. 65, 2539-2540 


with the fluorescent solution 

ater and air dried. 

application very finely divided 

his and the surface examined under 

6.2.5, 3.2.2 
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PROCESSES 


zinc phosphate coatings improve paint 
adhesion steel fabricated units components—auto- 
mobile bodies, refrigerators, washing machines, cabinets; 
and stampings, castings, and forgings. 


zinc phosphate coatings make paint stick 
zinc alloy die castings, zinc cadmium plated sheet 
components, hot dip galvanized stock, galvanneal, 
galvanized signs, siding, roofing, etc. 


amorphous protective coatings improve 
paint adhesion and corrosion-resistance aluminum 
products—wall tile, signs, aircraft parts, rocket motors, 
etc.; aluminum strip, aluminum sheet stock, trailers, boats, 
and other aluminum assemblies and surfaces. 


zinc phosphate coatings provide 
rust- and corrosion-resistance for nuts, bolts, screws, 
hardware, tools, guns, cartridge clips, architectural 
items and other steel and iron products. 


manganese-iron phos- 
phate coatings provide wear-resistance (anti-galling, 
safe break-in friction rubbing parts) for friction 
surfaces such pistons, piston rings, gears, cylinder 
lines, camshafts, tappets, crankshafts, rocker arms, 
etc.; and rust proofing for small arms, weapon com- 
ponents, hardware items, etc. 


zinc-iron phosphate coatings im- 
prove drawing, extrusion, and cold forming opera- 
tions blanks and shells, heavy stampings, tubs, 
tubing for forming drawing, wire, rod, bumpers, 
parts formed prior plating painting. 


phosphoric acid metal cleaners remove 


rust, neutralize rust producers, clean chemically and 
prepare metals for painting. 


pickling acid inhibitors save acid, save 
metal, and improve pickling operations. 
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(18% chromium—8% nickel types) the 
authors have developed method based 
analyzing, and gathering means 
oscillographic recorder, the sound 
emitted tests bars opportunely struck. 
Compared with testing means already 
use, the one suggested reveals greater 
sensitiveness. Furthermore 
grams obtained allow the singling out 
particular form symmetry the 
parameters the sound emitted the 
rolled test bars, which the authors relate 
with the existence corresponding 
symmetry the elastic 


2.4 Instrumentation 


2.4.3, 2.3.9 

Radiographic Techniques for Exam- 
ining Steel Castings. Trade 
91, 731-733 (1951) Dec. 27. 

Describes investigation carried out 
members the non-destructive test- 
ing sub-committee BISRA into the 
relative merits number radio- 
graphic techniques suitable for use 
steel castings. Data are 


BLR. 


2.4.3, 2.3.9 

New Procedures for Electronic Non- 
Destructive Testing Materials. (In 
French.) Foster. Corro- 
ston-Industries, 26, 497-513 (1951) Dec. 

Presents brief study the theoret- 
ical bases electronic, non-destructive 
testing materials with the aid 
Foucault currents (eddy currents). Ap- 
paratus described, diagrammed, and 
illustrated. Includes charts, sketches, 


2.4.3, 2.3.9 

New Methods Non-Destructive 
Testing and Their Basic Principles. 
Foster. Metall, Nos. 1-2, 20-21 (1951). 

Foster gives brief notes methods 
based chemical impregnation, acous- 
tics, thermal conductivity, electrical re- 
sistivity, and electromagnetic induction. 


CHARACTERISTIC CORROSION 
PHENOMENA 


3.1 General 


3.1, 4.1, 5.1 

Causes and Prevention Corrosion. 
ARTHUR Gas (London), 269, 
413, 4144+ (1952) Feb. 13. 

Contact dissimilar metals; non-uni- 
formity the metal, whether 
impurities segregation; presence 
oxygen the surrounding medium; 
internal stresses metals; stray elec- 
tric currents, which often assist the 
destruction gas and water mains; and 
elevated temperatures are discussed 
factors the above. Various forms 
protection are 


3.2 Forms 


3.2.2, 3.4.6, 2.3.4 

Relative Importance Various 
Sources Defect-Producing Hydrogen 
Introduced Into Steel During Applica- 
Standards. Am. Ceramic Soc., 
35, No. 33-41 (1952) Feb. National 
Advisory Committee for Aeronautics, 


Technical Note No. 2617, pp. 
Feb. 

Purpose the investigation was 
study and determine experimentally 
relative importance various 
defect-producing hydrogen 
into steel during the application 
vitreous-type ceramic coatings. Under 
the conditions investigated, the 
source defect-producing hydrogen 
the dissolved water present the enamel 
frit the coating. Acid pickling, milling 
water, chemically combined water the 
clay and quenching water were all minor 
sources. Test results indicate that fish. 
scaling, reboiling and possibly 
boil may eliminated using 
ing prepared with water free frit, 
references, tables, graphs, photographs, 


3.2.2, 6.4.2, 3.8.2, 3.8.4 

Views the Mechnaism 
Paper presented January 29, 1952, 
Ottawa, Ontario the 
joint meeting the Physical Chemistry 
Division the Chemical Institute 
Canada and Associate 
Corrosion Research and 
the National Research Counci! Can- 
ada. Corrosion, No. 85-90 (1953) 
Mar. 

Thermodynamic 
been carried out the pos- 
sible corrosion reactions 
neutral and near neutral aqueous 
tions and the domains stability the 
various corrosion products. 
titative electrochemical 
mining the corrosion rate are 
qualitative mechanism for the initi- 
ation and propagation corrosion pit 
aluminum discussed. 


3.2.3, 3.8.4, 4.6.1 


Werkstoffe Korrosion, No. 
212-221 (1951). 

Previous work the wetting metal 
surfaces water reviewed, together 
with the results some original investi- 
gation Eichborn the wetting 
mercury. The following points, 
silver, gold, copper, mercury, 
platinum, zinc, and brass, are 
length: the relationship betwee 
wetting and free 
ergy, advancing and receding 
angles between water/metal 
air/metal surfaces, surface tension and 
heat adsorption measures the 
adsorptive power metal 
suggested that wetting hysteresis 
the firm adherence residual traces 
water are the result the metal 
retaining adsorbed OH;* 
references.—MA, 


3.3 Biological Effects 


3.3.4, 4.5.1, 1.3 
The Present Status Bacterial 
rosion Investigations the Unite 


tories, New York, New York. 
No. 95-99 (1953) Mar. 

Since the first studies 
1939 the United States, 
has been centered this 
Eastern states. Indications are 
causative sulfate-reducing 
the characteristic anaerobic 
ated with their corrosive 
tually widely Various 


sion 

dewp 
centr: 
reduc 
the 
gases 


4.3 


Sod 
Chem 

are 
316 
pump 
pipe 
tected 
ber 
sion, 
tanks 
the 
parts 
Steel 
conere 
concre 
compo 
INCO 


Chem, 
April, 

Rela 
carbon 
actor | 
tube Ww 


Carb 
Meta 
43 


1953 CORROSION ABSTRACTS 


1952 are suggested for the limited interest 
rial corrosion. Salient features use- 
the detection bacterial corro- the name that means 
are described and preventive measures 
are discussed. 
duced 
Atmospheric 
minor The Corrosion Steeel Surface 
Acid Gas men for over years have known that any product 
Metal Surfaces Exposed Flue made. Before recommending Dressertape you, made 
work—g the lasting protection you need 
Applied Chem. (London.) No. Now, ask you try it, with the same confidence you 
388-393; 393-399 (1951) Sept. 
ave other Dresser products. 
Itting The corrosion rate increased with 
increasing sulfuric acid dewpoint; for Dressertape can save plenty expensive man-hours and 
gas constant dewpoint, corrosion was cut your over-all costs every job where pipe protection 
mistty the steel was 20°-45°C below it’s faster, simpler, more effective. 
trations there was increase corro- 
Can- but with greater smoke con- 
reduced; carbon appears reduce 
have the sulfur trioxide concentration the 
the 4.3 Chemicals, Inorganic 
quan- 
7.5.5, 5.8.2, 6.6.5, 5.4.3 
Co. Paper Industry, 33, No. 10, 
1187-1188 (1952) Jan. 
properties, precautions 
handling and storage sodium chlorate 
are discussed. Nickel and type 304 
steel are suitable for tanks, protected Dressertape without 
and lines. Type Al, used special surface preparation. 
gether pipe lines and filter presses, quite 
satisfactory, although subject Complete, uniform coverage irregular 
ting corrosion and must pro- joints and fittings easy with 
tected with non-conductors such rub- gaps, voids holidays. 
iron tanks are more subject 
tanks with fluctuating liquid levels. Life 
the chlorate solution 500 parts per equip dielectric strength: 10,000 volts; insu- 
sodium dichromate and 10-20 Safe use—no burns, fumes. lation resistance: megohms. 
the parts per million silicate. 
ces. tanks lined Conforms irregular Lasting protection against water, oil 
concrete have given long al- cially over fittings service lines. and soil exceed- 
concrete, None the rubber plastic mmediate bac waiting. yard mill-wrapped pipe. 
fe 10ns. : compositions tried were considered sat- . * Dressertape is a trade-mark of Dresser Manufacturing Division 
Chemicals, Organic South San Francisco, California 
Please send detailed information and literature 
Labor 7.6.9, 6.3.10 Gentlemen: about Dressertape. 
Fluorides. XII. Please have your sales engineer call with 
Reactor for Fluorination. Dressertape samples. 
their derivatives. The re- 
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life resin-bonded glass fiber. 


PLA-TANK DUCTS 


are resistant wide variety 
fumes. 


PLA-TANK DUCTS 


are resistant, inside and out, 
temperatures from -60° 
280° 


PLA-TANK DUCTS 


are competitively priced with 
other corrosion-resistant ma- 
terials. 


PLA-TANK DUCTS 
are the answer your needs 
for many fume exhaust jobs 
now your drawing boards 
for replacements ex- 
isting systems. 
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being swept nickel paddles mounted 
nickel shaft that was coaxial with 
the reactor tube. When the protective 
film copper flouride was removed ex- 
posing fresh surfaces copper, the 
corrosion rate was high. This rate was 
greatly reduced using nickel. For the 
same reason the shaft originally made 
steel was replaced one nickel. 
Diagram, table and references are 


4.5 Soil 


4.5.1, 6.5 

Symposium Corrosion Buried 
Metals. Symposium before Iron Steel 
Inst., Brit. Iron Steel Research Assoc. 
and Corr. Group Soc. Chem. Ind., 
(London), Dec. 12, 1951. Foundry Trade 
J., 91, No. 1842, 717-720 (1951) Dec. 20. 

Papers include: “Test the Cor- 
rosion Buried Iron and 
vestigaitons Underground Corro- 
Whiskin; “Cathodic Protection.” 
Buried Metal Structures.” 
Brouwer; “Corrosion Buried Cop- 
per and Ferrous Strip Natural Salted 
Mole; “Tests the Cor- 
rosion Buried Aluminum, Copper and 
Lead.” Gilbert and Porter.— 
INCO. 


Corrosion Buried Metals. Metal- 
lurgia, 45, No. 267, 23-28 (1952) Jan. 

report the proceedings sym- 
posium held Dec. 1951 the Iron 
and Steel Institute, the British Iron and 
Steel Research Association and the Cor- 
rosion Group the Society Chemical 
Industry. Hudson had shown 
recent tests that ft. zinc coat- 
ings protected cast iron pipes for least 
five years when buried salt marsh, 
London clay, moist neutral clay and 
Keuper marl. Corrosion was severe 
cinders. The behavior other protec- 
tive coatings similar soils described. 
Two papers dealt with cathodic protec- 
tion, which the necessary current was 
derived either from generator 
buried anode, e.g. zinc. These meth- 
ods were said complementary 
the provision protective coating.— 
ZDA. 


4.7 Molten Metals 


4.7, 3.6.5 

Experimental Confirmation Elec- 
trochemical Theory Liquid Alloys 
the System. (In 
Akad. Nauk SSSR) Section Technical 
Sciences, 1951, 1234-1242, Aug. 

The emf’s. developed between pairs 
molten alloys the above system 
were determined. The data are discussed, 
tabulated, and charted for alloys con- 
taining 0.65-43.0% silicon and 0.20-4.48% 
carbon.—BTR. 


PREVENTIVE MEASURES 


5.1 General 


5.1, 4.1 
Chemistry Research 1950 (Work 
Corrosion.) Chemical Research Labora- 


tory. Brochure, 1951, 104 pp. His 
esty’s Stationery Office, London, 
The corrosion section this report 
work the Chemical Research 
oratory 1950 includes immersed 
rosion (steel moving conditions, ele. 
organic inhibitors, boiler tubes, 
metals), surface films, 
rosion (including coatings 
and studies sulphate-reducing 


5.2 Cathodic Protection 


5.2.1, 5.4.5, 8.9.5 

Behavior Shipbottom Paints Sub. 
Annual Conference, National Association 
Corrosion Engineers, Galveston, Texas, 
March 10-14, 1952. Corrosion, 
2-10 (1953) Jan. 

This paper discusses the results 
test program designed meeting 
interested parties held the Sea Horse 
Institute, Harbor Island, June 
1950. The principal object the 
vestigation was determine whether 
cathodic protection can applied 
operating ships without inactivating anti- 
fouling paints the manner frequently 
observed when certain anti-fouling paints 
are associated with areas hare steel 
zinc. Secondary objectives concerned 
the effects variations the 
tion the paints used and 
the dried film thicknesses the anti- 
corrosive paints used the paint systems. 

Several variations basically 
different types ship bottom paint sys- 
tems were studied for inactivation the 
anti-fouling paint cathodic protection. 
general, was found that ship bot- 
tom paint systems which can expected 
inactivate, and hence foul without 
cathodic protection, are the same paints 
short time protective currents. The 
importance the anti-corrosive 
coats preventing inactivation stressed 
for was found that both cases in- 
activation observed this test were 
substantially eliminated better “bar- 
rier” coating between 
paint and the steel plate. Paints low 
permeability and good alkali resistance 
materially reduced the current require- 
ments for protection. 

The most important observation made 
this test program was that the 
rent density should controlled 
limiting the potential the minimum 
necessary for the protection the 
This was not done this preliminary 
investigation and hence almost all the 
coatings were severely damaged the 
effects the unnecessarily high currents. 


5.3 Metallic Coatings 


the Formation and the 
the Antimony Coating Specia 
Cementation Method. 


AMA. Japan Institute 16, No. 
100-104 (1952), Feb. 
was found that the coating 
antimony was formed 
This method pack the the 
age, 30% antimony, 30% zinc 
30% carbon and 10% sodium 
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utes. The author postulates that the 
coating formed the solid diffusion 
and the gaseous penetration antimony 
into iron. The effects the nature 
coating produced sort powder, 
antimony contents the powder (from 


90% antimony), heating temper- 


ature (from 400° 800°) and heating 
time (from 0.5 hr.) were studied. 


The coating consists two layers: 


The outer layer, that forms the greater 
part the coating, consists antimony 
containing, the state solid solution, 
amount iron and the inner 
laver consists iron-antimony 
metallic compounds. The inner layer was 
not formed heating below 630°. The 
total the coating was about 
0.02 mm, when heated 600° for 
minutes. The cohesion the coating was 
tested measuring the difference 
weight after striking the specimens with 
iron plate rubbing them with carbo- 
rundum powder. The stability the 
coating depends upon the thickness 
the inner was the greatest when 
heated 050°. The thickness inner 
time was very small. The 
corrosion the coating 10° hydro- 
chloric 10% sulfuric acid, 10% 
nitric acid sodium chloride 
aqueous and that the air were 
also examined. 

Merits this method are follows: 
Apparatus and technique for are 
very simple. The coating has beau- 
tiful silver The cohesion the 
coating superior that electro- 
plating. grave defect that the coat- 
ing relatively 


2.2.2, 2.3.2 

Tin-Zinc Plate Protects Steel Bolts 
Aluminum Structures. Materials Meth- 
ods, 35, No. 196 (1952) May. 

80-20 alloy plate the 
best protection for steel bolts used 
aluminum structures according tests 
conducted the Fulmer Research In- 
stitute England. Laboratory and field 
tests were conducted 
plated, black oxide finished, cad- 
mium plated, phosphate coated and tin- 
alloy plated steel bolts. One set 
specimens each coat was exposed 
one the following: salt 
spray; humid sulfur dioxide atmosphere; 
marine atmosphere; and industrial at- 
mosphere, every case the zinc-tin 
alloy coatings protected the bolts and 
corrosion the aluminum, coatings 
gave the next best performance, pro- 


tecting the steel with slight attack the 
LL, 


5.3.2, 


Short-Time Testing Electrolytic 
Chromium-Nickel Coatings for Corro- 
sion Resistance. (In German.) HERMANN 
Metalloberflache, Ser. B17- 
B24 (1952) 

atmospheric corrosion with 
results various accelerated corrosion 
tests, Describes porosity tests, and dis- 
and cracks chromium- 
Photomicrographs, 
sented. references.—BTR. 


3.8.3, 5.9.4 
The Passivation Tinplate (Against 


treatments the prop- 
and electrolytically 
ate. The results show that 


erties 
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Makes Big Difference 
Pipe Coating and 
Wrapping, too! 


That’s why PLS engineers provide 
specially-designed equipment for 
cleaning and priming pipe. This 
mechanical operation, pioneered 
PLS, assures the vital bond 
between bare pipe and protective 
coatings. It’s another control factor 
PLS where your steel pipe protection 
always protected through the most 
modern under-roof facilities. 


LINE SERVICE 


Pioneers Steel Pipe Protection 


General Offices and Plant: Franklin Park, 


Plants Glenwillard, Penna.; Longview, Texas; Corpus Christi, Texas; Harvey, La.; Sparrows Point, Md. 
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HOT DOPE 


Straight from the Kettle 


PIPE PROTECTION 


Boyd Mayes 


lost job not long ago 
outfit who told the customer the 
reason for their low bid was that 
they “were poor they had get 
the job stay business.” Funny 
thing, some idea econ- 
omy today. the job was done 
right the bidder couldn’t any- 
thing but get poorer the figure 
bid. the low bidder made money 
the job then the customer got 
nipped. It’s disgrace poor. 
remember the time when 
could hear about everything but 
bacon frying and dollars jingling, 
the horse and buggy days that 
“It took the silver wheel make 
the mare go,” and never yet 
bid $20,000 contract with 
pumpkin rind full pennies 
work with. probably been 
poor the leanest them, but 
after years steady work, hon- 
est dealings, and country-boy luck, 
have acres land work 
on, enormous amount “paid 
equipment and “million dol- 
lars” worth skilled workmen 
the job toto... 
all promises make with our bids! 


BROS. 


HOUSTON, TEXAS 
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the corrosion-resistance greatly en- 
hanced simple immersion for sec- 
onds cathodic treatment for few 
seconds solution containing crys- 
talline tribasic sodium phosphate 
crystalline potassium dichromate and 
sodium hydroxide g./1., together with 
few grams organic sulphonate 
wetting agent. Following such treat- 
ment the tinplate neither discolored, 
nor does corrosion start from the pores, 
after immersion for several hours 
hydrogen sulfide containing water 
60°C, heating for 15-20 minutes 
200°C.—MA. 


5.4 Non-Metallic Coatings and 
Paints 


5.4.5 

Air-Drying Plastic Protective Coat- 
Engineers’ Digest, 12, No. 142 
(1951) May. 

new air-drying plastic protective 
coating has been developed which can 
used protect tanks, tank cars, pipes, 
fittings, structural steel parts and chem- 
ical processing equipment against attack 
splash, drip and spray 
sive chemicals, corrosive atmospheres, 
weathering and rust. This plastic com- 
bines high film flexibility with good ad- 
hesion and impact resistance. 
claimed that this plastic will not chip 
crack and that can used steel, 
aluminum, concrete, hardwood, com- 
position board. applied spray, 
allowing hour drying time between 
coats and hours drying time after the 
final coat. requires primer and can 
produced variety colors. The 
coat retains its flexibility throughout its 
service life. sharp instrument will cut 
through the film, but the break can 
repaired easily touching with 
brush spray. Metal should grit 
sand-blasted before the coating ap- 
plied, cement should etched with 
while wood and composition board needs 
rough sanding assure good 


INCO. 


ASTM Standards Paint, Varnish, 
Lacquer and Related Products. Septem- 
ber, 1952. 6x9, paper bound, 781 pages 
plus XIX, American Society for Testing 
Materials, 1916 Race Street, Philadel- 
phia Pa. Per Copy $5.75. 

The eighth edition the compilation 
lacquer and related products provides 
more than 200 specifications, tests and 
definitions issued ASTM Committee 
D-1. Related standards from other com- 
mittees are included also. Material cov- 
ered includes specifications for pigments, 
drying oils, paint driers, thinners, shellac, 
varnish, naval stores, lacquer and lacquer 
materials, traffic paint, bituminous emul- 
sions, paint tests, putty and paint weath- 
included, are methods test, six are 
specifications and one covers forms for 
reporting results exposure tests 
paint. 


5.4.5, 4.4.6 

Preliminary Report Effect Spill- 
age Hot-Applied Coal-Tar Coatings. 
Oil Gas J., 50, 294-295 
(1952) Mar. 17. 

States that spillage petroleum prod- 
ucts has little effect narrow-range 
enamels; wide-range enamels are not 
satisfactory, Relates the effect gaso- 


line, kerosene, and fuel oil hot-applied 
coal tar enamels 
against 


5.4.5, 5.4.8 

B.S.R.A. Resistance Experiments 
the (Ship) Lucy Ashton. 
tional Conference Naval Architects 
and Marine. Engineers, 1951. Brit. Ship. 
building Res. Assoc., No. 
(1951). 

Use bituminous paint, 
with red oxide paint, reduced 
about the same amount, due 


‘formation, was found after laying for 


days.—RPI. 


5.4.5, 8.3.5 

Phenolic Resin Anti-Corrosive 
115+ (1951), 

The physical chemistry phenolic 
resin stoving lacquers, e.g., for food con- 
tainers, discussed terms concepts 
mobility and structure. 
sive table summarizes the ssible de. 
fects such lacquers, the physico-chemical 


causes leading such and how 
they may arise from factors 
the manufacture the resin the man. 
ufacture application the lacquer 


The preparation the 
and the stoving 3-coat are 
described detail. The effect 
the chemical resistance the films 
has been examined. High proportions 
o-cresol considerably reduce ‘he resist: 
ance 10% sulfuric acid and acetone 
and not 30% could incorporated 
without serious impairment.—RPI. 


5.4.5, 8.3.5, 6.4.2, 8.3.3 

Ethoxyline Coating Protects 
num. Modern Plastics, 29, No. 16) 
(1952) Feb. 

ethoxyline coating has been used 
render the inner walls aluminum 
container used cream whipping unit 
impervious the action the 
acids the cream contents. The 
num container filled with the 
resin and the excess poured out 
short interval. The resin which 
the inner surface thé bottle hardens 
form the coating. The coating, wel 
protecting the container from 
sion, simplifies 


als. 


5.6 Packaging 


5.6.3, 1.2.4, 6.4.2 

Preserving Tanks and Trucks 
Aluminum Foil. Modern Metals, 
46-49 (1952) Mar. 

Army vehicles are being sealed 
minum foil prevent corrosion during 
storage and shipment. 
mixed bituminous mastic 


brushing around openings and parts 


are sealed, The aluminum foil 
then applied firmly 
the adhesive mastic and 
the shape opening. Finally, 


the 


paint coating brushed 
ventilator 


surface the aluminum. 


and rain plug opening are ployed 
prevent condensation within 
Interior compartments vehicles 
export shipment are protecte 


alun nium 
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paint just before shipment.— 
ALL. 


6.6.4 


ted Papers Inhibit Corrosion. Ma- 
No. 14, 506 (1952) Apr. 


Account new packaging technique 
in which papers are impregnated with 
(Vapour Phase Inhibitor), de- 
the Roy Dutch-Shell group, 
and inhibits the corro- 


steel and aluminum articles 
atmospheres. —BNF. 


Treatment Medium 


Demineralization Including Silica Re- 
moval Ion Exchange. The Permutit 
Company, West 42nd St., New York 
36, New Bulletin No. 3803. (1952) 


exchange principles and 
recommen- 


Describes 


dations and 


5.8 Inhibitors and Passivators 


2.3.4, 
Laboratory Method for the Study 

Steam Condensate Corrosion Inhib- 
National Alumi- 

sented the Eighth Annual Conference, 

Corrosion, No. 19-24 (1953) 

q Jan. 

laboratory method for studying cor- 


rosion steam condensate systems 
described. brief, synthetic conden- 
sate produced glass tower 
aerating heated distilled water with 
mixture carbon dioxide and air. This 


and solution the treat- 


ment are proportioned into test con- 
test coupons are suspended the 


and the liquid mildly agitated 


bath and the weight loss determined. 
The temperature, free carbon dioxide 
dissolved oxygen the synthetic 
ondensate, and the treatment concen- 


R 
are controlled throughout the 
tes 


St. 


Corrosion test data are presented for 
sodium polyphos- 
ate and neutralizing and film forming 
are used, the effect precorro- 


sion the test specimen and contam- 


inhibitors are described. 

The and limitations the test 
possible interpretations 
the results are discussed. 


Film Crystals Acts 
Machinery (N. Y.), 
No. 186 (1952) Jan. 


film erystals that vaporizes 


4 

acts neutralizing agent, de- 

the corrosive effect all mois- 
Water vapor that comes con- 


Pray dip and after application, the 


Organic Products Co.—INCO. 
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SARAN LINED PIPE SERVICES 
FILTER PRESS INSTALLATION 


This Saran lined piping 
handles carbon slurry 
organic acid solution 


Saran Lined Pipe Company 
2415 Burdette Ave., 
Ferndale, Mich. 


Please send copy your 
catalog Saran Lined Pipe, 
Valves and Fittings. 


Name 
Title__ 
Company 


an 
o 


large midwest corn processor required piping 
suitable for handling carbon slurry 
organic acid solution and from filter 
new pilot plant. Saran lined pipe, fittings 
and valves were the company’s choice for the 
following reasons: Saran lined pipe, fittings and 
valves assure tight, leak-proof joints. The 
lent corrosion resistance strong, rigid saran 
lined pipe assures maximum service life and 
minimum down time. Saran lined steel pipe 
delivered immediately, cut and threaded 

without special tools. 


Saran lined pipe may the answer your own 
requirements. For further details write call 
the SARAN LINED PIPE COMPANY, Fern- 
dale, Michigan. Offices New York 
Pittsburgh Tulsa Philadelphia Chicago 
Indianapolis San Francisco 
Houston Denver Los Angeles Seattle 
Montreal. 


RELATED SARAN PRODUCTS 
Saran rubber tank lining Saran rubber mold- 


ing stock Saran pipe and fittings Saran 
tubing and fittings 


you can depend DOW PLASTICS 
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5.8.3 


The Adsorption Metal Surfaces 
Long Chain Polar Compounds From 
Hydrocarbon Solutions. DANIEL. 
Trans. Faraday Soc., 47, 1345-1359 (1951) 
Dec. 


studies the above with certain 
metals, notably copper, lead, zinc, and 
cadmium, the isotherms could not 
determined because reactions between 
the acid and oxide films the metal 
surface. general, ease adsorption 
increases with increasing chain length 
and, for given chain length, the acid 
most strongly adsorbed and the ester 
least, with the alcohol intermediate. The 
influence upon adsorption other fac- 
ity discussed. some cases was 
possible calculate free energy and heat 
adsorption. Data are graphed. ref- 
erences.—BLR. 


5.8.3, 2.3.9 

Radiometric Study the Adsorption 
Characteristics Stearic Acid. STANLEY 
(1953) Mar. 


radiometric test method measure 
the amount adsorption polar or- 
ganic rust inhibitors was developed and 
described. The choice stearic acid 
for this initial work was made because 
its known adsorption characteristics. 
The effect several variables the 
amount adsorption was also studied. 
These variables included time immer- 
sion, agitation vs. quiescent immersion, 
drainage time and temperature, and con- 
centration. was found that the amount 
stearic acid absorbed increased with 
time immersion, when coupons were 
agitated compared quiescent im- 
mersion and with increased stearic acid 
content the solution. The amount 
stearic acid adsorbed was found 
independent the drainage time and 
temperature. The results this work 
indicate that the method may extended 
the study the adsorption charac- 
teristics petroleum sulfonates and 
other corrosion inhibitors. 


5.8.3, 3.8.2 

The Influence Inhibitors Upon 
Electrochemical Processes Metallic 
Surfaces. (In German.) 
“International Committee 
chemical Thermodynamics and Kinetics; 
Proceedings the 2nd Meeting” (Libreria 
Editrice Politecnica Cesare Taburini, 
Milan, Italy), 1951, 105-115; disc., 
115-116. 


faces, and it’s various consequences such 
polarization, negative catalysis re- 
sulting reactions, reduction and oxida- 
tion inhibitors, and modefication 
the crystallization process. The specific 
susceptibility the metal atoms in- 
hibitors indicated; and its variation 
the submicroscopic realm the crys- 
tals discussed. Tables and graphs. 
references.—BTR. 


5.8.3, 3.8.2, 4.7, 3.8.4 

The Significance Inhibitors and 
Poisons the Study Electrochemical 
Processes Metal (Liquid) Interfaces. 
No. 92-97 (1951). 

Fischer briefly discusses: the effect 
inhibitors upon concentration, black- 
ing, crystallization, poisoning, and trans- 
port-overvoltages electrochemical 
processes; the reduction and oxida- 
tion inhibitors; inhibitor sensitivity 


the mechanism the coating elec- 
trode surfaces inhibitor due 
current flow; and changes the 
course crystal growth. The presence 
inhibiting centers (and current den- 
sity) affects not only the form and ori- 
entation crystal deposits, but produces 
also corresponding changes the sub- 
crystallites the crystal mass, Changes 
inhibition produce different forms 
crystal growth. Thus, very weak inhibi- 
tion favors the production 
these sub-crystallites growing 
parallel the lines current flow (the 
so-called field-oriented isolation type 
crystallites, F.I.). Weak inhibition 
furthering growth breadth and checking 
formation nuclei favors formation 
the basal-oriented reproduction type 
crystal (B.R.). Conditions for the pro- 
duction field-oriented prisms, plates, 
needles, etc., the so-called field-oriented 
texture type (F.T), and the non-oriented 
dispersion type (U.D.) crystals are 
briefly referred to. 


5.8.3, 4.4.7 

Surface Chemical Phenomena Lu- 
MAN. Annals the New York Academy 
53, Art. 836-861 (1951) 
une. 


and mechanical 
properties monolayers amphipathic 
molecules adsorbed metals; and sur- 
face chemical reactions polar com- 
pounds with common metals. Data for 
specific compounds adsorbed differ- 
ent metals and metal powders are pre- 
sented Rust-inhibitive 
properties are also considered, 4-ball- 
tester wear curves for steel 
using different lubricants are also pre- 
sented.—BLR. 


5.9 Surface Treatment 


5.9.2, 6.4.4 

Cleaning Magnesium Surfaces with 
Alkaline Detergents. Materials and Meth- 
ods, 35, No. 186, 188 (1952) Feb. 


Sodium hydroxide, 
phate, tetrasodium pyrophosphate, Cal- 
gon, Quadrafos and other types sodium 
silicate are being investigated clean- 
ers for magnesium castings. The tetra- 
pyrophosphate and other polyphosphates 
used soak, and electrolytic cleaners 
caused discolouration the metal and 
corrosion. The inclusion proper amounts 
‘sodium metasilicate with 
pyrophosphate eliminated all attack upon 
the 


The Chromizing Process, Parts and 
III. Usine nouvelle, 
No. 35, 23, 25, 27; No. 36, 29, 30; 37, 
29, 30. (1951). 

review chromium-diffusion proc- 
esses, covering reasons for the choice 
chromium metal, the 
mechanism metallic diffusion, powder 
and gas chromizing techniques, and the 
advantages the 


5.9.4 

Corrosion Protection Cold Phos- 
phating; Russians Claim Have Im- 
proved Process. Chemical Age, 65, 295- 
296, 300 (1951) Sept. [Based article 
ladnoi Khimii (Journal Applied Chem- 
istry), 24, 373-382 (1951) Apr.] 

Gives details above process claimed 


other countries. 


5.9.4 

Substitute Finishes for 
Phosphate 
Plating, 38, No. 10, 1030-1033 (1951), 

review the nature and Properties 
phosphate coatings iron and steel 
zinc, cadmium, aluminum, and 
alloys. Information included meth. 
ods application, coating weight, time 
MA. 


MATERIALS 
CONSTRUCTION 

6.3 Non-ferrous Metals 


Alloys—Heavy 
6.3.4, 3.5.9 

Industrial Applications 

No. (1952) Mar. 

Stellite, containing mately 
1-2.5 carbon, has high wear 
sion resistance, more ero- 
sion than nitrided steels, keeps its 
conditions strength, tempcrature and 
type acid, some grades Stellite are 
more corrosion resistant 
steels. used for planing operations 
cast irons, steel castings and fabri- 
cated steel components. Stellite cutting 
tools take heavier feeds. The 
hardfacing with Stellite are given. 
High carbon high alloy can 
stellited the part uniformly heated 
during the operation. Austenitic 


deposit, 


6.3.5, 4.4.3, 4.4.4, 4.3.6, 4.4.2 

Steels Towards Citrus 
Concentrates and Towards Citric 
Sugar—Common Salt—Sulphur Dioxide 
Sci. Food Agr., 359-364 (1951) Aug. 

stainless steels containing 2-3% 
denum have markedly greater 
ance corrosion above 
Welding tends lower the cor 
concentrates. Data are tabulated 
graphed.—BLR. 


6.3.5, 8.8.1, 8.5.3, 8.4.3 
Developments the Use Stainles 
gineer, 28, No. 11, 66-68 (1951) Nov. 
Discussion stainless stecls for 
basic industries such 
process plants, paper mills, 


stainless steel justifies its higher 
cost. The groups containing 
contents are most popular.— iNCO. 


6.3.6, 3.7.2 
Newly Developed Bronze Alloys 
ture Anti-Galling and Corrosion 
10, 35-36 (1952) Mar. 

Describes two new types the 
molybdenum type; and 


and steel mills. These 
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ped 


steel, 
their 
time 
WOOD vs. FERRIC CHLORIDE. the right one two 
ferric chloride storage tanks the Vacuum Filter Plant, 
Back River Sewage Works, Baltimore, Md. This chemical used 
release moisture from the sludge before goes into the vacuum 
filter. The tank made wood, with rubber liner. Outside finish 
als, 15, consists three coats red Rubalt paint based Parlon, made 
Alrred Hague Company, Brooklyn, This paint the 
tely only one found date which can withstand ferric chloride—a chemi- 
en, and cal strong that will quickly eat away bare metal concrete. 
its 
specific 
and 
lite are 
fabri CONCRETE vs. ALUM. Concrete 
tank (left) Water Filter Plant, Celanese 
Corporation America, Belvidere Plant, 
can painted with Torex enamel based 
Parlon. Alum solution the tank was eat- 
METAL vs. SALT The oil storage tank ing through concrete and loosening mortar 
stellite shown above, belonging Diesel Oil Sales Company, Seat- the brick wall prior application 
tle, Washington, painted with green Parlon-based finish, Torex enamel. This Parlon-based finish 
two coats. After two years exposure location almost has now been the tank nine months. 
inl right salt-water bay, the finish still like new. Paron excellent condition, and has substan- 
paint based Parlon made Petro Paint Company, tially simplified and speeded maintenance 
subsidiary Rudd Paint Varnish Co., Seattle, Wash. procedures. Torex enamel, based Parlon, 
Dioxide made Inertol Co., Inc., Newark, 
SELBY 
From coast coast, the modern and easiest way can surpass where there’s direct contact with 
give lasting protection storage tanks with corrosive liquids inside storage tanks. 
paints made from Hercules Parlon (chlorinated Wherever corrosion problem especially 
rubber) For most maintenance men, it’s the paint chemical plants, refineries, paper and textile 
use, and for many good reasons. goes mills, sewage disposal plants and water works, 
metal, concrete, wood. dries faster and ships, railroad tank and freight cars Parlon 
lasts much longer than the majority other gives better service lower long-term costs. See 
maintenance paints. its price range, finish your paint supplier for details Parlon-based 
No. can equal Parlon for exterior protection, and few chlorinated rubber paints, write: 
for 
Cellulose Products HERCULES POWDER COMPANY 999 King St., Wilmington 99, Del. 
initial 
nickel 
LOOK FOR THIS LABEL 
THE PAINT CAN... 
PARLON CHLORINATED RUBBER PAINTS ARE AVAILABLE FROM 400 MANUFACTURERS UNDER THEIR OWN BRAND NAMES 
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unusually high lead content. Proper- 
ties and applications are discussed.— 
BTR. 


6.3.6, 3.7.2, 1.3 

The Corrosion-Resistance (and Other 
Properties) Aluminum Bronzes. 
Werkstoffe Korrosion, No. 
298-307 (1951). 

review the structure, melting, 
castings, working, mechanical 
rosion-resistance properties, the 
application aluminum bronzes, which 
may contain small additions iron, 
manganese, nickel, lead, and tin im- 
prove their properties for specific pur- 
poses, 


6.3.6, 5.9.2 

Pickling Aluminum Bronze. Foun- 
dry Trade J., 91, No. 1827, 291 (1951) 
Sept. 

This process, compared 
used for ordinary copper alloys made 
more difficult because the presence 
aluminum. number laboratory 
tests have been carried out, the usual 
method embracing chemical treatment, 
rinsing cold running water and dry- 
ing with rags. table gives the experi- 
mental conditions (composition bath, 
temperature and time immersion) and 
the finished surface appearance for the 
chemical treatment. the case cast- 
ings showing porosity which the 
design carries narrow recesses, rinsing 
cold running water can 
followed immersion bath made 
gm. anhydrous sodium carbonate 
dissolved liter water. The neu- 
tralizing action opposing traces acid 
retained the castings adds the 
speed drying the 
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6.3.6, 

Wrought Copper and 
Alloys. Ind. and Chem., 
43, 2218-2226 (1951) Oct. 

Reviews the literature, providing 
considerable amount information re- 
garding: alloy compositions, specifica- 
tions, mechanical and physical proper- 
ties, fabrication properties and techniques, 
and corrosion resistance copper and 
copper alloys under wide variety 
conditions. This information should aid 
the use copper and its alloys 
that they will applied manner 
that will take full advantage their 
properties. 162 


6.3.6, 4.3.2, 2.3.4, 3.8.4 


Solution Copper Nitric Acid. 
Parts and III. (In German.) 
anorg. allgem. Chem., 
266, 118-139 (1951) Oct. 

Describes, Part II, studies the 
solubility rate copper different con- 
centrations nitric acid temperatures 
ranging from —10° +30°C. The ex- 
periments described Part III were 
made with the specimen immersed 
nitric acid different ways well 
the acid. Data are 
graphed and tabulated. references.— 
BLR. 


6.3.11, 8.8.1 

New Constructional Material; 
Now Being Used for Chemical Plant. 
Chemical Age, 65, 331 (1951) Sept. 

Describes the utilization silver 
lining base metal high strength. 
silver-lined, mild steel reaction vessel 
which corrosion-resistant illustrated. 


common chemicals temperatures from 


room 70°-350°C.—BLR. 


A.), 34, No. 91-94 (1951) 

Large scale production titanium 
carried out the Kroll The 
metal produced this process 
sponge form, and must melted 
massive product for further working 
The melting point the metal higher 
than any those metals presently 
use for construction purposes. The 
ulus elasticity only half that 
steel. Titanium reactive metal, 
lowing for considerable modification 
its properties during melting. re. 
sistant oxidizing acids 
alkalies. practically immune 
nium can fabricated bending, spin- 
ning, drawing similar 


titanium carbide deep drawn readily 
steel nickel. Titanium 
work hardens rapidly and tough springy 
chip produced when machined, 
Tungsten carbide tools give best re- 
sults. Titanium difficult saw, par- 
ticularly heavy sections, heavy 


positive cut desirable. Drilling and 
tapping are more difficult because the 
tendency the metal weld the 
tool. For surface grinding, best results 
are obtained with aluminia wheels 
low wheel speeds 2000 3000 

The crystal structure titanium changes 
1625°F from hexagonal close-packed 
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metal, this transformation means 
annealing can accomplished ina 

enough period that there will 
danger embrittlement. Conven- 
degreasing methods can em- 
methods, but satisfactory process 
joining titanium other metals has 
yet been developed. The difficulties 

manganese-nickel al- 
the brazing materials. Commer- 
resistant equipment the chemical proc- 
Its high resistance 
sea water will lead wide 
application the marine industry.— 


3.5.9, 3.4.6 

How Does Titanium Scale High 
Age, 169, 133-138 
(1952) May 

850° 1000°C transition from 
aprimary scale black scale was 
observed the Bureau Mines 
titanium that has not been reported pre- 
This oxidation product was 
composed layers and was accom- 
panied change from low scaling 
rate toa higher one. Above 1000°C 
behavior was more complex. Titanium 
from two other sources was the same 
appearance and overall reactions were 
aso similar, except that 


6.3.15, 3.7.2, 3.7.4 

The Effect the Elements the 
First Long Period the Transforma- 
Metals, 80, Pt. 363-368 (1952) 
Mar, 

The method which the hydrogen 
pressure equilibrium with extremely 
temperature order follow the phase 
occurring the alloy 

used for systematic investigation 
the effects vanadium, chromium, 
nickel, and cobalt (the maxi- 

mum amount each element was about 
Ti. With the exception 
these elements (all these 
when added titanium, de- 


the allotropic transformation) are 
appreciably soluble the low-tem- 
perature (@) form titanium. The 
boundary substantially the same for 
qual atomic fractions all the addi- 
vanadium, which slightly 
this respect. The experimentally 
compared with idealized theoretical 
boundary obtained from the known 
determine the effect addition 

the hydrogen solubility 
Vanadium caused the great- 
this property, the other 
having but little effect. Six 
NCO. 


6.3.13, 6.3.9, 6.3.20 

Corrosion Resistance Some 

Metals: Review the Avail- 
Information. Metal Ind. (London), 


CORROSION ABSTRACTS 


(80), Nos. 
Feb. 

The first section discusses the behav- 
ior titanium towards number 
acids and other media, and 89-11 titanium- 
chromium towards few reagents. Second 
part deals with zirconium, molybdenum, 
tantalum and tantalum-molybdenum 
loys. Twelve literature references are 


6.3.15, 8.9.1 

Titanium Aircraft Production. 
Ryan Aeronautical Aircraft Co. 
Light Metal Age, No. 11-12, 10-12 
(1951) Dec. 

Discussion the experimental pro- 
duction procedure established the 
Ryan Laboratory determine the be- 
havior titanium when welded, formed 
and heat-treated. Because titanium falls 
between the aluminum and steel alloys 
both strength and resistance tem- 
perature, the answer many the 
aircraft designer’s problems. Develop- 
ment titanium and high temperature 
deterioration are discussed. Photographs 
and diagrams are included—INCO. 


6.3.19, 3.2.2, 2.4.3 

Experience Intercrystalline Corro- 
sion Zinc Alloys. (In Swedish.) 
Publication (Sweden), 22, 
No. 169-171 (1951) 1000 Words. 

The author refers the substitution, 
which took place between the two world 
wars, alloy die castings for hot 
brass pressings small gears used 
the telephone system. Both axial and 
radial dimensional increases led seiz- 
ure the mechanism, and these faults 
were traced intercrystalline corrosion 
due certain metallic impurities 
which tin was the worst offender. 


5-6, 83-85, 111-113 (1952) 


using high purity alloys, intercrystalline 
corrosion was avoided. Spectrographic 
methods analysis maintain good 
control alloy composition are recom- 
mended.—ZDA. 


6.3.20, 3.2.3, 3.8.4 

The Corrosion Zirconium. 
Reap. Pennsylvania State College. 
Dec. 31, 1951. 

Thin films zirconium satisfactory 
for corrosion studies have been obtained 
polished copper foil. The conditions 
which had been previously reported 
yielding continuous films 
changed. preliminary x-ray study in- 
dicated that some difference crystal 
structure results when zirconium oxide 
prepared from the hydroxide which 
has been precipitated from aqueous 
solution with sodium hydroxide am- 
monium hydroxide subsequently 
ignited. The rate oxidation zirco- 
nium elevated temperatures has been 
found increase very rapidly the 
presence water vapor. the pres- 
ent time, very little success has been 
attained the preparation magnesium 
single crystals which would satisfac- 
tory basis metals for the growth 
epitaxy. (Author.)—N.S.A. 


6.3.20, 3.2.3, 3.8.4 

The Corrosion Zirconium. 
Pennsylvania State College. Sept. 31, 1951. 
Thin films zirconium which are 
used corrosion studies have been 
prepared cathodic sputtering. Dense, 
continuous films were obtained hr. 


300 


Protects New Concrete, Resurfaces, 
Repairs Old Corroded Concrete 


Phenoline 300 adheres any neutral 
alkaline surface concrete, tran- 
site, stone—without primer. Mixed 
with silica-filler, trowels any 
thickness non-slip surface. 
Applied brush spray, finishes 
smooth, easy-to-clean surface. 
Powerful bond unaffected light 


time temperature. 


Highly Resistant Acids, Solvents, 
Salts and Caustics Normal and 
Elevated Temperatures 

e 


Does Not Crack Spall 
e 

Extremely Hard and Wear Resistant 

Does Not Soften Crack Under Heat 


e 
Makes Non-Skid Floors 


Bulletin A-50 gives you the 
details on how you can cor- 
rosion-proof your concrete. 
Write for it today. PI 
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cathode current density 0.014 
140 180 pressure. The apparatus 
used diagramed. Furnaces for con- 
tamination pure films with gaseous 
impurities and for the corrosion speci- 
mens gaseous corrosive atmospheres 
and the procedures used are de- 
scribed.—NSA. 


6.3.20, 3.7.2 

Corrosion Resistance Zirconium: 
Effect Oxygen, Nitrogen, Carbon, 
Eng. Chem., 43, No. 12, 2878-2880 (1951) 
Dec. 

Using the Boer process, Foote 
Mineral Co. now producing 
purity ductile zirconium (containing less 
than 0.1% hafnium but not free from 
oxygen, nitrogen carbon) commer- 
cially. Gives results corrosion tests 
this material which additional 
amounts oxygen, nitrogen, and car- 
bon had been added, and also ordi- 
nary hafnium-bearing zirconium iodide, 
titanium and 
nium. Media used included sulfuric acid, 
hydrochloric acid, nitric acid, sodium 
hydroxide, sodium chloride, ammonium 
hydroxide, and mixed acids. The con- 
taminants were found lower the cor- 
rosion resistance zirconium; the high 
purity metal had good resistance 
fuming nitric acid.—BNF. 


6.4 Non-ferrous Metals and 


6.4.2, 5.3.2, 2.2.2 
Corrosion Tests Aluminum Alloy 
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Sheet Clad With Aluminium Coating 
99.36 Per Cent Purity. 
Selected Government Research Re- 
ports (England) Protection and Electro- 
Deposition Metals, pages 255-259, 
His Majesty’s Stationary Office, Lon- 
don, 1951. 


Results tests showed that ap- 
preciable loss mechanical properties 
with 99.5 percent 99.36 percent alu- 
minum coating occurred result 
corrosion. Corrosion was, however, more 
severe with these than with 
purer cladding material. For this rea- 
son, only the latter should used for 
parts subjected severe conditions. 
The specimens were exposed the in- 
termittent sea-water spray test R.A.E. 
and Bangor. Both sets specimens 
were exposed over period one year. 
Specimens Specification D.T.D. 390 
with coatings not less than 99.5 per- 
cent purity were also exposed for com- 
parison purposes. the conclusion 
the corrosion tests, visual and micro- 
scopical examinations were made. The 
tensile strength the specimens was 
examined after exposure and compared 
with that the uncorroded 


ALL. 


6.4.2, 3.2.3 

Corrosion Problems with Aluminum 
and Its Alloys. CHRISTIANSEN. Proc. 
Royal Swedish Academy Engineering Sci- 
ences (Sweden), 22, No. 103-113 (1951). 

brief report how aluminum and 
its alloys are affected corrosion. 
deals with the oxide layer formed 
the aluminum surface and its effects, the 
compounds and alloy additions, the in- 
fluence heat treatment, various forms 


When time electrically insulate your main line flanges and 
service lines with complete confidence and peace mind. One 
mistake could cost you hot one million dollars, you're lucky! Fires and 
explosions are expensive! 

Fittings that don't leak are not source worry. The only thing 


you should worry about not having something worry about. Elimi- 
nate one worry now! 


FLANGE INSULATION 


METER BAR INSULATION 


METER INSULATION 
INSULATED UNIONS 


ELECTROLYSIS CHECK POINTS 


call from you will bring one our 
engineers your door; our-engineer 
will the worrying for you al- 
ready got ulcers one more won't 
hurt him!) 


The Only Exclusive Designers 
and Manufacturers 


ELECTRICALLY INSULATED 
PIPE FITTINGS 


Your Problem Our Only Business 


corrosion, and how aluminum 
atmosphere, different waters and 

ome Researches the 
surface des Metaux” [on Aluminium 
Soc. Roy. Belge Ing. Ind., No. 
(1951). and 

metals, and more especially alum. 
num, are briefly discussed: effects 
structure (Beilby layer); examination 
chemical perturbations produced me. 
role surface states corrosion phe. 
nomena; anodic oxidation resista 
alloys; very thin oxidation films; 
sion, Chaudron considers all the Metall 
heat-treatment, are the mine 
oxida 


especially suitable for 


and containing 3-5% 
which the phase entirely 
ous, and the structure statistically 
tropic, i.e. constituted crystals 
having all possible orientations, sug- 
gested. Anodic oxidation 
metallic anisotropy, and 
sensitive means revealing 
ture aluminum and its 
erences.—MA. 


6.4.2, 8.3.5, 8.8.1, 1.6 


the struc 


Aluminum the Chemica! and 


Industries. British Aluminium Co. 
Publication No. 408, 1951, 149 pp. 
lished the Company, Hous, 
London Wall, London, E.C.2. 


This succeeds the earlier volume 


the same name issued 1936 under the 


auspices the International Aluminium 
Bureau. There are three chapters, 
ing respectively with the general proper- 
ties the metal and its alloys (choice 
material, fabrication, jointing, 


treatment, assembly); the action 


merous substances (inorganic, 
foods and others); and 
ing corrosion resistance.—BNF. 


6.4.2, 3.5.8 


Deformation and Corrosion Alumi- 


num. Chemical Age (England), 65, 
1667, 299 (1951) Sept. 
Specimens aluminum were 
potassium nitrate 450°C 
for minutes, cooled air and 
percent NaOH solution 
(140°F), then worked concentrated 
nitric acid. Products corrosion 
removed and tests made two 
tions: 0.3 molar hydrochloric acid 
0.5 molar sodium chloride. the 


the metal corroded with evolution 


gaseous hydrogen and the second 


cathodic areas the surface, there 
acidic depolarization. The for the 
hydrochloric acid tests show 
cent yield strength corrosici rate 
creases; but further increase load 


practically without effect. ‘he 


chloride tests there was 


extremely 
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Combination good elevated tem- 
perature properties, and high abrasion 
and corrosion resistance fits silicon car- 
bide for numerous applications where 


letes 
uum 

carbide base cermets in- 
ion strengths and 1800°F, oxidation 
defects between carbide and 
all the and X-ray studies were 
conducted the oxide layers deter- 
obtain Results indicate titanium carbide 
ith Promising composition and oxygen diffu- 
oxidation the cermets 
Silicon Carbide Refractories Used 
Alternates for Special Service Alloys. 
crystals Materials Methods, 34, 
No. 71-75 (1951) Nov. 
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strategic alloys were formerly used. 


for heat resisting alloys 
World War II, bonded silicon carbide 
proved satisfactory that displaced 
the metal permanently. Comparison 
the properties several heat resisting 
fire clay brick, and silicon car- 

bide brick made and applications 
carbide refractories are 


EQUIPMENT 


7.1 Engines, Bearings, and 
Turbines 


4.4.7, 6.5 

Corrosive Effects Motor Gear Oils 
(on Copper and (In German.) 
Arch. angew. Wiss. 
17, No. 182-191 (1951). 

Tests have been carried out deter- 
mine the possible corrosive effects 
motor gear oils, some chlorinated, others 
non-chlorinated, commonly used 
agents 
types containing sulfur chlorine, phos- 


lead and carboxyl compounds 
cid 


are quite commonly added lubricants 
lor lubricating hypoid gears the kinds 
American cars, where local pres- 


the back axle. Tests were car- 


out over period days iron 
and copper. oils, heated 80°-120°C, 
after prolonged contact, attacked 
but the chlorinated 
Showed distinct tendency pro- 
attacked after removal 
oil and storage humid 
used. chlorinated oils produced 
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after-rusting effects, the amount varying 
very considerably with the test tempera- 
ture; non-chlorinated oils produced prac- 
tically rusting. Copper was compar- 
atively heavily attacked 122°C all 
the oils, including those free from 
chlorine. 


7.8 Wires and Cables 
(non-electrical) 


7.8. 8.10 3.4.47 

Testing Wire Rope Lubricants, 
BusHELL AND Marats. South African 
and Engineering Journal, 62, 291- 
293 (1951) Oct. 20. 

investigation corrosion and lu- 
brication wire ropes Free State 
gold mines. Gives method testing, 
description apparatus, preliminary ex- 


periments. comparison lubricants and 
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8.4 Group 


8.4.3, 5.4.5, 5.4.3 

Coated Oil-Well Pipe. Fortune, 43, No. 
(1951) June. 

Manufacturers plastic coatings have 
been working with oil industry techni- 
cians the use Vinylite coatings 
prevent corrosion tubing. 
California Standard engineers recently 
completed five month test, which 
ordinary pipe was deeply corroded after 
being subjected daily flow 100 
barrels oil and 5000 barrels salt 
water high iodine content. Vinylite- 
coated pipe appeared unaffected. 


8.9 Group 


8.9.3. 5.4.5, 7.2, 3.7.3, 6.6.8 

Pipeline Techniques Advance. 
Finney. Standard Oil Company. Gas 
J., 50, No. 22, (1951) Oct. 

spite advances made recent 
years, need still exists for new syn- 
thetic coating which can applied 
the mill, durable enough for all the 
handling and still protect pipe surfaces 
against external corrosion. Fiber-glass- 
reinforced plastic pipe 
for steel used for many purposes, but 
there necessity for developing 
readily applied field joint which would 
strong the pipe itself and would 
not interfere with handling laying 


the 
8.10 Group 


8.10.2, 6.2.1, 1.6 

Steel Castings Handbook. 
Editor. inches, 511 pages plus 
fabrikoid cover. June, 1950. Steel 
Founders’ Society America, 920 Mid- 
land Bldg., Cleveland 15, Ohio. Per 
Copy, $4.00. 

This well-illustrated book contains 
large quantity tabulated data and 
numerous references. deals with the 
whole scope the steel castings indus- 
try, enumerating the classes and ad- 
vantages steel castings, commercial 
and industrial applications, design, man- 
ufacturing methods, heat treatment, vari- 
ables affecting the mechanical properties, 


INDEX 


Vol. August, 1953 


Allen Cathodic Protection 
Amercoat Corporation Inside Front Cover 
American Chemical Paint 
Arco Rubber Processors 

Div. Automotive Rubber Co., Inc 
Barrows Porcelain Enamel 
Brance-Krachy Co., 
Carboline Company 
Carpenter Alloy Tube Division, The 
Cathodic Protection Service 
Chemical Corporation 
Coast Paint Lacquer 
Corrosion Directory 
Delrac Corporation 
Dow Chemical Company 
Dresser Industries, Inc 
Electro Rust-Proofing Corp 
Federated Metals Division 

American Smelting Ref. 
Firestone Plastics Company 
Haveg Corporation 
Haynes Stellite Company, 

Div. Union Carbide Carbon 
Hercules Powder Company 
Corp., The 
International Nickel Co., Inc 
Johns-Manville Sales Corp 
Mayes Brothers, Inc 
Michigan Pipe Company 
Monsanto Chemical Company 
National Carbon Company 

Union Carbide Carbon 
Nicolet Industries, Inc 
Pipeline Anode Corporation 
Pipe Line Service Corp 
Pittsburgh Coke 

Chemical Back Cover 
Plastic Engineering Sales Corp 
Polyken Industrial Tapes, 

Dept. Bauer Black 
Positions Wanted and 
Royston Laboratories, Inc 
Saran Lined Pipe Company 
Service Engineers, Inc 
Spring Packing Corporation 
Standard Magnesium Corporation. 
Stearns, E., Company 
Tapecoat Company, The 
Tnemec Company, Inc 
Tretolite Company 

Tube-Kote, Inc. 

United States Stoneware Company 
Wilkinson Products Co. 
Williamson, D., Inc 


mechanical properties carbon cast 
steels, heat and corrosion resistant cast 
alloys, austenitic manganese cast steel, 
physical values pertaining cast steel, 
engineering properties, recommendations 
purchasers castings, specifications, 
definitions foundry terms and chemi- 
cal compositions standard steel. 

This revision the 1941 edition the 
chapter dealing with heat and corrosion 
resistant cast alloys deals generally with 
the various principal classes cast met- 
als for corrosive and high temperature 
service. Typical applications several 
principal alloy types are tabulated, and 
the factors weighed selecting 
corrosion resistant alloy are given. Gen- 
eral characteristics the heat resistant 
alloys are listed and tables are given 
showing the mechanical properties 
principal corrosion resistant alloys 
room and high temperatures. 
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